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CURRENT RESEARCH IN WATER BACTERIOLOGY 


(ot ecolleste lo Nopedseh of 
pjohn Company, Kalamaz ic 

Almost every phase of bacteriology has shown rapid progress in 
fundamental concepts during the last decade and that phase dealing ts Ree. 
with sanitary water analysis is no exception. This is an attempt to 
evaluate the more important publications that have appeared in the - 
past few years, particularly those dealing with the detection of the 
coli-aerogenes group in raw and finished water supplies. It is fully 
 Teeognized that methods are necessary and that 


is not quite to use in eonnestion It is 
the standard plate count reveals as many as 50 percent of the bacteria — 

| +3 - present in water. If it is fair to draw an analogy with milk bacteri- 
ology, the percentage is a good deal less than this. It is also true is 
that the colon bacillus count as made by any method yet devised is 


me an far from correct. Our aim should be, therefore, to obtain not only 


uniform, but maximum counts or indices. 
¥ ams It is universally agreed that the present standard methods for the —__ 
detection of the coli-aerogenes group yield a certain percentage of __ 

O an, ¢ positive fermentation tubes which must be carried through the further 
eae routine procedures and from which the organisms of this group are © 
recovered. Much effort has been expended to devise methods 
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to eliminate these supposedly spurious positives. The number of 
such tubes varies with the character of the water supply under exam- 
ination and may be as high as 90 or as low as 20 percent, according to 
my experience. It is quite unfair to attempt to give any average 
figure. Again referring to my own experience, the higher percentages 
of non-confirming tubes have been in analyzing waters relatively 
free from pollution. It is too frequently assumed that such tubes 
contain gas-forming anaerobes, spore-forming lactose fermenting 
aerobes, or other organisms not included in the coli-aerogenes group. 
This is done in spite of evidence that such assumptions are not 
necessarily warranted. The great variations noted illustrate one of 
the fundamental concepts which cannot be too strongly emphasized, 
that is, that no one method of water examination yet devised will fit 
equally well all classes of water supplies. A striking example of this 
is found in reports on the Dominick-Lauter medium, to be discussed 
later. We must recognize that “standard” procedures should come 
as near as possible to dealing with the variety of situations known to 
_ exist, but too much must not be expected of them. After all, labora- 
. tory tests are merely tools giving results which must be interpreted 
properly. 
Examination of the literature of the last few years indicates that 
more time has been spent in attempts to utilize inhibitive agents in 
coli-arogenes group tests than in any other type of analysis. The 
term ‘‘inhibitive agent” of course refers to action on anaerobes or 
other bacteria including particularly any lactose fermenters not in- 
eluded in the above group. The agents most in favor are bile and 
- Sa various dyes used either separately or in a variety of combination. 
4 “a Most of you are familiar with the use of the lactose bile medium which 
_ was included in the “standard” procedure from 1912-1917, but was 
_ discarded because evidence accumulated to show that organisms of 
; a the colon group were affected. A bile medium which is essentially 
_ a modified lactose broth has been revived and studied in Ohio. Get- 
trust and Hostettler (1) have reported favorable results, while 
Evans and Bahlman (2) obtained no better results with this “modified 
me - broth” than with the standard medium on an unchlorinated water. 
1 It is possible that the medium gives better results with chlorinated 
ae _ waters. This is reasonable because bile apparently affects strains of 
low viability and these would have been destroyed by chlorine 
_ treatment, thus preventing discordant results. It is my opinion 
that all media containing bile may have distinct inhibitory action 


JOHN F. NORTON 


vo 
to 
su 
(3 
$a 
ré 
p 
P 

| 
| Wee 
| 


VOL. 25, NO. 11] RESEARCH IN WATER BACTERIOLOGY “1475 


toward certain strains of the coli-aerogenes group and that, when _ 
such media are used, this tendency must be recognized. 

The use of brilliant green bile as a primary enrichment medium _ 
(3, 4) is so well established that a discussion of its merits is unneces- — 
sary. Now that the mathematicians are appeased, there is nothing to i 
prevent its continued use, provided the possible inhibitory action is — 
recognized. My own experience is in accord with the published re- — 
ports. One point should be emphasized. In evaluating water sup- — 
plies for drinking purposes the final interpretation is of more impor- — 
tance than the percentage of tubes confirmed. In a series of 461 — 


TABLE 1 
Brilliant green bile as a confirmatory medium 


NUMBER BRILLIANT EOSIN-METH YL- 


OF LACTOSE! GREEN BILE ENE BLUE 
|NUMBER| BROTH 


on}. SOURCE OF WATER OF TUBES 


SAMPLES| SHOWING Num- Per- Num- Per- 


Gas (10 ML. 
| PORTIONS) ber cent ber cent 


Public supplies................. | 79 173 | 26 |15.0| 22 | 12.7 
. 87 324 | 211 | 65.1 184 | 56.8 
Swimming pools................ | 102 340 | 276 | 81.2| 141 | 41.5 
sr 161 285 25 | 8.8 36 | 12.6 
Wells and springs............... | 51 215 | 114 | 53.0/ 111 | 51.6 


| 


480 | 1,334 | 652 | 48.9 | 494 | 37.0 


& samples of water from a variety of sources a 97 percent agreement 
was obtained between the standard lactose broth and brilliant green 

bile. Suggestions have been made to use brilliant green bile as a 
confirmatory, rather than as a primary, medium. This is of par- 
ticular interest because certain important difficulties in the use of 
solid media for confirmation would be eliminated. Some of our 
results are shown in table 1. These figures are based on the assump- 


tion that fermentation of brilliant green bile broth following fermen- 
tation of lactose broth is a satisfactory index of the presence of the 
coli-aerogenes group. This assumption was confirmed in a sufficient 
number of instances to establish it as a basis for further work. The 
percentage of confirmation is distinctly increased by the use of this 
procedure and any inhibitory action of the medium is discounted by 
_ the preliminary growth in lactose broth. Such a method would 
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require a modification of the present definition of the coli-aerogenes 
group to eliminate the requirement of aerobic growth, but it seems 
to me better to change a definition than to discard a useful procedure, 
The method has been used for more than a year in connection with 
swimming pool control in Detroit and has proved satisfactory for 
this purpose. Table 1 also illustrates the wide variation in percentage 
of positive lactose fermentation tubes confirmed. 

DOMINICK-LAUTER MEDIUM 

A number of reports have been published within the last few years 
dealing with the Dominick-Lauter medium. This medium contains 
methylene blue, erythrosine, and brom cresol purple, and is represen- 
tative of a group containing mixtures of dyes. Reference to papers 
by Leahy, Freeman and Katsampes (5); Howard (6); and Nolte and 
Kramer (7); illustrate the experience of most laboratory workers. 
With some waters the medium appears to be equal, if not superior, to 
standard lactose broth, while, with other sources of supply, the 
medium has been somewhat of a disappointment. The published 
results are, however, out of date, as they were obtained with a formula 
which has been revised recently (8). There has not been sufficient 
time to evaluate the modified medium. Difficulties may be encoun- 
tered in obtaining a proper supply of erythrosine. 

Salle (9) suggested the use of crystal violet and this has been in- 
vestigated recently by Stark and England (10). Their report is 
unfavorable, but illustrates an important point. In studying a new 
medium it is desirable to test it with pure cultures, but such tests are 
quite insufficient to evaluate the procedure. Mixed types of bacteria 
are always present under practical conditions and may modify the 
results. There is some evidence also that symbiotic phenomena 
exist in a water laboratory (11), but this needs further investigation. 

It is probable that al! media containing a dye or a mixture of dyes 
have some inhibitory action on the growth of organisms of the coli- 
aerogenes group in addition to that exerted toward anaerobes and 
the Gram positive aerobes or facultative anaerobes. It is quite 
certain that different lots of the same dye show variations. To 
what extent such action interferes with the interpretation of labora- 
tory results may properly be questioned. I am inclined to believe 
that it may be of importance. On the other hand, there is a tendency 
to discount the importance of finding coli-aerogenes group organisms 
of low viabil 
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suggestion for routine purposes, but I have used it successfully for 


- favorable. Some recent results of my own (table 2) show little influ- 
~ ence of the buffer, but the number of samples is too small to interpret. 
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dyes could not be objectionable to those holding this view, which, 
however, I do not share. 

There is no reason that the water analyst should not fashion his 
methods to obtain as accurate results as the procedures warrant. It 
is easy to introduce careless technic and thereby miss confirmation of 
the coli-aerogenes group, but we are interested in more fundamental 
concepts. It is well-known that B. coli may be killed by the products 
of bacterial metabolism, either products of its own growth or of other 
organisms. It is sometimes possible to recover B. coli from lactose 
broth at the end of 24 hours, but not after 48 hours incubation. This 
is most liable to happen when fermenting anaerobes are also present. 
Hence the requirement for confirmation of tubes as soon as gas is 
visible in the vial. A surer method for isolation of this organism is to 


TABLE 2 
Comparison of buffered broth and standard lactose broth 


CONFIRMATION ON EOSIN-METHYL- 


PORTIONS SHOWING GAS IN: ENE BLUE 


NUMBER OF 
SAMPLES 
Buffered broth | Standard lactose Buffered broth | Standard lactose 
80 181 | 151 | 63 61 


transfer from lactose broth to Endo medium or eosin-methylene blue 
agar before a visible amount of gasisformed. This is not a practical 


special work where labor was not a factor and it was necessary to get 
quick results. At least 12 hours can be saved over the usual pro- 
cedure and better plating obtained. 

One of the important factors in killing colon bacilli in the lactose 
broth tube is undoubtedly acid production. The use of a buffered 
broth was investigated by Thompson (12) some years ago, and more 
recently by Ruchhoft, Kallas, and Chinn (13). Both reports are 


Further work on buffered broth is highly desirable. 

It has been suggested that a reduction in the amount of lactose in 
the standard broth might have some effect on the amount of acid 
produced. A series of preliminary experiments was made with three 
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strains of B. coli of the fecal type, varying the percentage of lactose 
from 0.05 to 1.0. For all concentrations from 1.0 percent to 0.3 per- 
oe — cent almost identical results were obtained as to amount of gas formed 
and final hydrogen ion concentration reached at the end of 48 hours, 
With 0.2 percent lactose the amount of gas produced was the same, 
but the final pH value was slightly higher. With 0.1 percent lactose, 
~ somewhat less gas was produced and the amount of acid formed was 
- markedly less. This is a possibility for further investigation. 

Direct plating methods for the determination of the number of 
— coli-aerogenes group organisms have many obvious advantages over 
enrichment processes. Such methods are almost as old as bacterial 


- water analysis. Recent attempts to use such methods have involved 
also distinction between fecal and non-fecal strains of the group; or, 
if you prefer, a differentiation between B. coli and B. aerogenes types. 
ate _ The media devised by Tonney and Noble (14), and by Salle (9), are 
wellknown. Objections have been raised to the use of ferrocyanide- 
citrate agar because of the difficulty of preparation, but more perti- 
-_ nently, because of difficulty in differentiating the two groups. Only 
= who have used the medium for a long time appear to be capable 
of making the necessary fine distinctions. While this medium may 
be extremely useful to the experienced person, in my opinion, it has 
not yet reached the stage of development where it can be regarded as 

- universally practical. No recently published reports on the Salle 


medium have come to my attention. 5 


ry 


ay 


This brings up the much discussed question of differentiation within 
the coli-aerogenes group. ‘There is a growing tendency to regard such 
_ differentiation as desirable. Under certain special circumstances 
this may be true. Two papers will be mentioned. Ina study by 
_ Burke-Gaffney (15), it is maintained that very few waters in tropical = 

countries would be approved if the standards insisted upon in tem- 
perate climates were adhered to. The author maintains that organ- __ 
isms of the B. aerogenes type are of little sanitary significance when — 
found in drinking waters in the tropics. The natural reply to this — 
point of view is that intestinal diseases are still of major importance in — 
— regions; whereas, they have become of secondary importance in 
temperate climates. Y= 

Gray (16) has made a special study of the significance of B. aero- 
genes in water supplies. He found the organism to be “practically — 4 ; 
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universally present, although in small numbers, in the stools of normal 
adult humans.” He regards a predominance of B. aerogenes over B. 
coli in a water supply as indicative of soil contamination or past pol- 
lution. This point of view has also been taken by others, notably 
Tonney and Noble (17). Since the early days of sanitary chemical 
water analysis, distinctions have been made between recent, moder- 
ately recent, and past pollution on the basis largely of the type of 
nitrogen compound present. However, as far as I am aware, water 
analysts have condemned water of all these classes as unsafe for 
human consumption. It is dangerous to draw historical parallelisms, 
but I am inclined to think that the early analysts were playing safe, 
and, unless there is bacteriologic, as well as epidemiologic, evidence 
to the contrary, that, except under very special conditions, the use of 
a water supply containing bacteriologic evidence of surface con- 
tamination or of past pollution should not be approved for use by the 
public. 

A most hopeful line of investigation in water bacteriology has been 
that recently followed by Ruchhoft and his associates (18). They 
have studied the reactions and activities of the coli-aerogenes group 
in pure and mixed cultures. These studies give definite evidence of 
the impurity of colonies transferred from liquid to solid media. Not 
only are the colonies mixtures of B. coli and B. aerogenes types, but 
in the usual routine of water analysis other organisms may also be 
present. This result should not surprise those who have attempted 
to obtain pure from mixed strains of bacteria. Evidence is also 
furnished to show the necessity for the “‘completed”’ test in evaluating 
a drinking water and to account for some of the negative confirma- 
tions obtained from positive gas tubes. Doubt is thrown upon the 
methods used for differentiating the organisms of the coli-aerogenes 
group. To be more concrete, the isolation of the B. aerogenestypein 
routine analysis is no evidence whatsoever that the B. coli type was 
not present in the original sample. Again we have an argument 
against differentiation in this group when enrichment processes fl gt 
used for isolation. It should also be noted that Ruchhoft and his _ 
associates found the methyl red and Voges-Proskauer reactions unre-— 
liable as compared with the indol and sodium citrate test. It is 
interesting in this connection to recall that for many years English — 
bacteriologists have used the indol test as an important procedure. 
My own experience in dealing with a variety of bacterial species has 
been that a positive test is significant, but that a negative reaction 
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cannot be interpreted since occasional strains of an indol producing 
species fail to produce indol and vice versa. Mention should also be 
made of Butterfield’s (19) work on food concentration and bacterial 
growth. More fundamental studiesare needed. 


bar 


SUMMARY 


1. During the past few years there has been a tendency to develop 
the use of bacterial inhibitive agents, particularly dyes, in media for 
the sanitary examination of water. Such agents reduce the amount 
of necessary laboratory routine, and there is no doubt that dye-con- 
taining media have a legitimate and important use in the water puri- 
cation field. On the other hand, it should be emphasized that all 
available evidence forces us to conclude that these media tend to 
reduce the number of isolations of organisms of the coli-aerogenes 
group. Brilliant green bile, Dominick-Lauter broth, crystal violet 
broth and the others should be used with care in the final evaluation 
of drinking water supplies and only after they have been shown to 
give results comparable to those obtained with a non-inhibitive 
medium on the particular water supply under consideration. On 
the whole, we are inclined to deplore the tendency to reduce labor by 
inhibiting bacterial growth unless we have actual proof that the less 
viable strains of the coli-aerogenes group can be disregarded. The 
evidence for this is not convincing. 

2. Direct plating methods, while theoretically superior to enrich- 
ment processes, have not been developed to a point of practicability. 

3. Controversy continues over the significance of B. coli and 
B. aerogenes types of bacteria in water, with few important develop- 
ments. 

4. The present ‘‘standard”’ methods are far from perfect and the 
coli-aerogenes counts or indices obtained by them are, undoubtedly, 
too low rather than too high. Defects can be remedied only by a 
more extensive knowledge of the media used, and particularly of the 
biochemical processes that take place during incubation under a 
variety of biologic conditions. 
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es PROPOSED PLAN FOR AMMONIA-CHLORINE TREATMENT 
IN CHICAGO 


By A, E, Gorman anp H. H. Gersrern 


(Bureau of Engineering, Chicago, Ill.) 


To meet the lake pollution situation, Chicago is preparing to change 
the method of treating the water for the south side from chlorination 
at the three pumping stations to the use of ammonia and chlorine 
at the 68th Street and Dunne cribs. The principal reason for this 
new policy is because pollution of the lake in the vicinity of these 
cribs has increased to such an extent that the chlorination equipment 
at the pumping stations is taxed at times almost to capacity to 
provide sufficient chlorine for effective disinfection. 

The bacterial pollution of the southern end of Lake Michigan in 
the vicinity of these cribs increased from 1927 to 1930, as shown in 
figure 1. Since 1931 there has been a slight drop in bacterial pollu- 
tion, due to the decline in industrial activities in the Calumet region, 
but the industrial waste pollution has in the last two years become a 
serious problem. ‘The industrial wastes, principally those from the 
oil refineries, caused a prolonged period of offensive taste in Chicago 
water late in December, 1932 and in the early part of January, 1933. 
During some of these taste periods the water had the property of 
absorbing large quantities of chlorine, necessitating high chlorine 
dosages in order to obtain sufficient residual chlorine for effective 
disinfection. 

It is expected that pollution will increase to even a greater extent 
in a few years when a decree of the U. S. Supreme Court becomes 

effective which requires that diversion from Lake Michigan into the 
Drainage Canal be reduced from 6500 to 5000 c.f.s. on December 31, 
1935 and to 1500 c.f.s. on December 31, 1938. When these reduc- 
tions in diversion become effective frequent reversals of the Calumet 
and Chicago rivers may be expected, discharging pollution into the 
lake waters. 

At most of the Chicago pumping stations the water pumped into 

the distribution system reaches the first consumers only a few minutes 
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after it has been chlorinated. Under average conditions the time 
interval between the collection of water samples for control purposes 
and their delivery to the laboratories for analyses may vary from 
three to four hours. The results of these anayses do not truly rep- 
resent the water as it reached a large percentage of our consumers, 
Bacterial analyses of samples of water from consumers’ services 
near the 68th Street pumping station, from which the residual chlo- 
rine was removed immediately after collection, have shown that 
frequently when the raw water is heavily contaminated, the chlorin- 
ated water did not comply with the U. 8. Treasury Department 
standards. Apparently, this was due to insufficient contact with 
the chlorine. The potential risk at such times has been of much : 
concern to the Division of Water Purification. 

During the summer months when the water temperature is greater 
than 55°F. considerable trouble has been experienced in the southern 
section of the city, due to aftergrowths in the fringe of the distribu- 
tion system where residual chlorine is low or absent (fig. 2). The 
desire to maintain residual chlorine in the entire system and to avoid 
taste due to chlorination, led to extensive research investigations 
made at the experimental filtration laboratory in 1930 and 1931, 
the results of which were reported by one of the authors in Tuis 
JOURNAL.'! These studies confirmed observations of Holwerda and 
others that there was considerable lag in bactericidal velocity of the 
ammonia-chlorine treatment. Briefly, the conclusions drawn from 
the experimental data on Lake Michigan water with a hydrogen ion 
concentration of 8.0 were as follows: 


chloro-phenol tastes and odors, which are associated with the chlori- 
nation of water supplies, and in addition, where adequate contact is 
available, has efficient bactericidal effect. 

_ 2. For the same chlorine dosage the bactericidal velocity of the ammonia 


» one is applied than obtained with chlorine alone. The larger the 
quantity of ammonia present, the greater the lag in bactericidal 
effect. 

3. For periods of contact longer than two hours, the bactericidal effect of 
cj y, amount of chlorine alone. In this period the ultimate effect is greater 
_ with a larger amount of ammonia present. 


age 
4 
2 
: 
JOURNAL, vol. 23, no. 9, September, 1931, page 1334. 
ai ats 


ten miles from the crib (fig. 3). These periods are, with the pos- ciel 
_ sible exception of the flow time to the 68th Street pumping station, va 
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The finding of the delayed action made the adoption of the am- __ a 
monia-chlorine treatment inadvisable at the Chicago pumping sta- = 
tions on account of the short interval between the point of treatment bert 
and the delivery of water to nearby consumers. This led to con- 
sideration of treatment at the intake cribs, especially those on the 
South side, where our pollution problem is most acute. Under 
average pumping conditions it takes about one and a half hours for — Frees 
the water to flow from the cribs to the 68th Street pumping station 
on the lake front, and between 5 to 7 hours to reach the two inland — 
pumping stations, Roseland and Western Avenue, located about _ 


WESTERN AVENUE | 
UTH K 
| PUMP. STA. “Gh 
| | sackSon 
1 PARK 
| | | | | 4 
| | 68 THST. 
| | 
| | | | 
| LIMITS | 
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| 424 
SUPPLIED BY | 
687TH. STREET - ROSELAND 
AND DUNNE CRIBS | = PUMP. STA. 
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well within the limitations of the ammonia-chlorine process. The a 
possibility of supplemental chlorination, using present equipment, 
especially at the 68th Street pumping station where the contact a ian 
period is on the border line of safety, offered a ready second line of ed 
defense in case of emergency. Therefore the practicability of 


adopting this new method of treating Chicago’s water at the cribs 


was carefully studied in all its ramifications. To appreciate their »- 


extent one must have knowledge of the more important facts per- _ 
— taining to operation of exposed intakes in a large lake. : ay 
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The southerly cribs are located approximately two miles from 
shore. The 68th Street crib supplies one pump at the 68th Street 
pumping station, through a 7-foot tunnel. The Dunne crib which 
is adjacent to the 68th Street crib and connected to it by a foot 
bridge, supplies the other three pumps at the 68th Street station, and 
in addition the Roseland, the Western Avenue and the Washington 
Park stations. 

It is timely to mention that the first use of chlorine in the Chicago 
water system began in 1912 on the Dunne crib. Calcium hypochlo- 
rite was used and much trouble was experienced, especially in the 
winter time, when the hypochlorite solution froze. A few years 
later in 1915 liquid chlorine was tried at the crib and it also was 
unsuccessful due to the formation of what we now know to be chlo- 
rine hydrate on the end of the discharge hoses. Difficulty was 
experienced at times in the winter season in delivery of supplies and 
personnel to the cribs because of ice troubles. There were periods 
as long as thirty days when the tug could not land at the crib. An- 
other difficulty which presented itself was the required variation of 
amount of chemicals applied because of the changes in flow into the 
intakes, due to the different pumping characteristics of the three 
major pumping stations supplied. These may fluctuate from hour 
to hour. A third difficulty was that of effectively supervising the 
treatment. The only means of communication with the cribs is a 
telephone line through a submarine cable, which in the past has 
been known to fail. 

In order to be assured that the treatment is effectively supervised 
it is proposed to establish a control station at the 68th Street pumping 
station, where an attendant will be on duty at all times. Special 
telephone connections will be provided to the Western Avenue and 
Roseland pumping stations, over which reports will be transmitted 
every hour, or oftener if required, of the rate of pumpage at each of 
the stations. A special direct submarine telephone cable will also be 
laid from the control station to the Dunne crib, over which the 
operator will transmit orders regarding the rate of feed of chemicals 
required. The effectiveness of the ammonia-chlorine treatment will 
be checked hourly for residual chlorine by the attendant at the 68th 
Street control station. He will also receive reports from the other 
stations pertaining to the residual chlorine in the water as it arrives 
at these stations. In case of a drop in residual chlorine at the control 
station, the crib operator will be directed to increase the quantity of 
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chemical applied. At the pumping stations a secondary dosage 
of chlorine will be applied, using the stand-by equipment. In case 
of a complete breakdown at the crib the present system of chlorina- 
tion at the pumping stations will be resorted to. In other words, 
the proposed control station at the 68th Street pumping station will 
be the brain center of the control system to which all information 
pertaining to pumpage and residual chlorine will be sent, and from 
which orders regarding rate of chemical feed are to be issued. The 
attendants on the crib will be responsible only to the extent of 


FLUCTUATION OF CHEMICAL & AMMONIA PRICES 
+AVERAGE CHEMICAL & DRUG INDEX | | 
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applying the chemicals to the water in accordance with the orders 
received from the operator at the control station. 

Investigation is being made to provide a practical device for 
recording the rate of flow of water as it flows down the intake shaft 
at the crib, as a further check of the pumpage data transmitted over 
the telephone wires. 

Chlorine at the cribs will be purchased in ton containers, because 
of the lower price, and convenience in handling. The ammonia 
will probably be used in the form of ammonium sulphate. We 
believe from a study of former market conditions for ammonia and 
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ammonium compounds that the sulphate will assure us a lower 
price than any other forms of ammonia (fig. 4). In 100 pound paper 
lined water-proof bags it can be transported economically, stored 
safely, and its application measured by means of dry chemical feeders 
with satisfactory accuracy. 

Ammonia liquor from the by-products coke plants in the Chicago 
region compares favorably with the ammonium sulphate as a source 
of ammonia and could be used in case there were a favorable price 
differential over sulphate. It is proposed that both the chemicals, 
ammonium sulphate and chlorine, will be delivered in carload lots 
at the city warehouse, located on the North branch of the Chicago 
river. There they will be unloaded by means of a crane, either to be 
stored until required, or to be placed directly on a special steel scow 
designed to carry a month’s supply of chemicals to the cribs in one 
trip. 

Steel unit containers, capable of holding about 20-100 pound 
bags of ammonium sulphate are being designed, to facilitate the 
handling of this chemical. The containers will be strapped to the 
floor of the scow to prevent movement while in transit and also to 
prevent wetting by waves. Ton containers with chlorine will be 
strapped to the floor of the scow by similar clamps. The scow will 
have built into it a tank for carrying oil which is to be used as fuel 
for the heating plant on the cribs. It also is designed so that tanks 
can be provided for transportation of ammonia liquor should the 
price be such as to make it profitable to use this form of ammonia. 
The scow will be towed by a tug and unloaded at the Dunne crib 
by means of a specially designed bridge crane. Handling of chem- 
icals on the crib will be done by means of a monorail hoist. Space for 
storage of chemicals for over thirty days operation will be provided. 
By making slight changes in the Dunne crib structure, space has 
been provided for the storage of chemicals and also rooms for the 
chlorine evaporators and chemical feeding equipment. 

It is proposed to feed chlorine gas directly from a ton container 
and because of the large rates of withdrawal it will be necessary to 
provide special evaporating equipment. Increased chlorine evapo- 
ration will be obtained by submerging a ton container in a water 
bath, the temperature of which will be controlled to give the desired 
chlorine pressure. The major portion of the chlorine to be fed will 
be measured through fixed orifices and variations above this amount 
taken up by manual control feed chlorinators.§ = = 
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The ammonium sulphate will be measured by dry chemical - 


feeders set so that the hoppers can be loaded from the operating 
floor without raising the bags over three feet. Dial scales with re- 
corders which will print the weight on strip tape will be provided to 


check the feed of chlorine and ammonium sulphate. Power will be P 7 


provided by special submarine cable 2300 volts transformed to 115 
and 230 volts. The chemicals to be applied to the water at the 68th — 
Street crib will be measured at the Dunne crib, and carried over the 
foot bridge through suitable insulated hoses. The ammonia is to 


be applied near the top of the intake shaft and the chlorine near the ~ 


bottom of one shaft at the eye of the tunnel. By this arrangement — 


chlorine is peter which is essential for proper treatment. 
The primary object of this project is to give the city increased 


public health protection on the south side pending the decision on : 


the part of the City Council to filter the water supply. A filter 
project would probably require four years to complete at a minimum. 


The cost of operation of the ammonia chlorine treatment at south - 


side cribs as compared with chlorination at the three pumping sta- 
tions is favorable to the project. Assuming that the present exceed- 


ingly low price of chlorine in 100 pound cylinders of 3.48 cents per — 


pound continues, the chemical cost by either method will be about 


equal. If we charge chlorine at a cost of 5.29 cents per pound— | 


the early 1932 price—the crib treatment by ammonia and chlorine 
shows an operating economy in one year of $5,600 for chemicals. 
Other costs, such as labor and handling, will of course depend on the 


requirements, but our estimate is that they will be no greater than 


the present cost, with good probability of being less. 


Acknowledgment is made to Mr. O. B. Carlisle in charge of the 7 


city water works Designing Division which has prepared the detailed 
plans for the crib installation. The design and much of the experi- 
mental work in connection with this project was done — designing 
engineers Walter Anderson and Paul Peterman. ur] 8 
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REPORT OF COMMITTEE ON CONTROL OF TASTES AND 
ODORS IN PUBLIC WATER SUPPLIES 


The activities of this committee during 1932-1933 have been 

confined to 

(1) Preparing and tabulating taste and odor control experiences 
in a number of representative states. 

(2) Attempting to obtain codperative study of the methods of | 
odor determination that have been proposed to supplant | 
the method given in Standard Methods. 

(3) Attempting to obtain codperative critical study of present 


49 75) and proposed methods of phenol determination in water 
supplies. 

Pp 

oe PRESENT STATUS OF THE CONTROL OF TASTES AND ODORS 
es An incomplete but fairly informative picture of the present situ- 
fet ation as to special treatment for taste and odor control is given in 
nage table 1 which summarizes experiences in twelve states where reason- 
4 t ably complete data have been furnished. A study of this table 
ae together with more detailed information from a number of states 


ae leads to the following general conclusions: 
a. (1) Prechlorination has been found a great aid to taste and odor 
control, particularly in New York State, where this measure 
is used more than any other single process. In Pennsyl- 


ods vania it is less extensively used, and still less in Ohio; while 
bal in the Middle West and South it appears to be used very 
little. 


(2) A large increase in the number of plants using the chlorine- 
ammonia process is to be noted. This appears to be due 
not so much to the success of this process in preventing or 
eliminating tastes and odors as in the better appreciation 
of operators of the peculiar advantages of this process. Of 
particular benefit is the maintenance of high residual values 
throughout the distribution system. Such residual values, 
even if possible of maintenance, without the formation of 
chloramines, would result in complaints of chlorinous and 
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other tastes and odors in most water supplies. Many 
operators confirm by experience the statement that the 
chlorine-ammonia process is of assistance in preventing 


certain tastes and odors if applied before such tastes = Z 
TABLE 1 
Special treatments used for taste and odor control of public water supplies 
en TYPE OF TREATMENT _ an 
E. Granular activated carbon as a filter medium............... 0.6 ) 
F. Powdered activated carbon fed to water.................... 34.6 
nt G. Fuller’s earth or bleaching clay.........................4.. 0.6 
er H. Chlorine for hydrogen sulphide............................. 0.6 
TREATMENT 
STATE 
1- A B Cc D E F G | I 
‘2 
le 0/1 0 2} 0 |-0 
1 1 0 0 2; 0 0 0 
| 42 3 1 20; 0 1 1 
South Carolina........... 2; 0 0 0 0 0 0 
| 
| Total studied: 332. 
___- Note: The tabulation includes the same supply more than once, where = 
| several treatments have been tried. if 
1} ies - odors are formed. Application after the formation or 
t 2 : presence in the water supply of such tastes and odors E i 


sometimes intensifies the trouble. Control of algae growths __ 
is possible by this method, except possibly in the case of bY 
certain types. 
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(3) Powdered activated carbon, either alone or in conjunction 
with other methods used for taste and odor control, is, in 


g 16 the minds of many operators, the most universally appli- 
iy cable taste and odor control measure now available. Very 
sett few operators report it as being unsuccessful in removing 


~taste or odor encountered. While generally used 
all localities, it appears to be used almost to the exclusion | 
of other methods in the Southeastern, Southern and Mid 
dle Western States. 
Granular activated carbon is being used to a limited extent, 
-—— geveral new plants having been installed on municipal 
Pe) supplies. Granular material has also been experimentally 
used on supplies without filtration by allowing the water 
to enter the system through a supply of this material  —. 
pended in bags in the flowing water. 

(4) The use of bleaching clays and similar material has not dina 
any decided growth. Only two plants are known as defi- 
nitely using such material in routine operation. Both of 
these are in Pennsylvania, and in each considerable success i 


vd 19 
has been reported. 
(5) The use of potassium permanganate, super and dechlorination, _ AS 
-_ ehlorination for hydrogen sulfide removal, and the use of pe 
ozone are not at the present time used in sufficient instal- 
lations to warrant their consideration as general 
measures. With the exception of ozone, each has been 
tried experimentally at some plants with little success. ; 
(6) The success of some of the newer control methods included 
in table 1 should not obscure the adequacy of aeration — 
and copper treatment of reservoirs in many cases. 
A typical report sheet for one of the States canvassed is wey Bs 


in table 2. 


a COOPERATIVE STUDY OF PROPOSED LABORATORY METHODS OF TASTE 
AND ODOR DETERMINATION 


As pointed out in the 1932 report of this committee, the present 
method of odor determination in Standard Methods possesses certain — 
decided defects due largely to the impossibility of eliminating the — 

personal factor from the determination and method of assigning — 
certain numerical values to the results of a laboratory odor test. “ 
In 1931, Spaulding suggested what is now known as the “Spaulding © 


A, 


Concluded 
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Threshold Method of Odor Determination” in which he hoped to 
eliminate, partly at least, the personal factor. This proposed 
method briefly determines the first detectable odor in 100 ml. of a 
mixture of the water under test and odorless distilled water. 100 
divided by the milliliter of odor bearing water that give this first 
discernible odor to the mixture under the standard conditions of the 
test, is known as the “Threshold Value,” and is expressed in what 
may be termed ‘‘olfactys” using a term employed in other fields 
where odor is more commonly determined quantitatively. This test 
then actually determines the number of odor units, or olfactys 
present in 100 ml. of water, if we assume that the threshold value 
is one olfacty, or unit of odor. Intensity and other qualities of a 
particular odor appear to be taken into consideration in this method. 
It remained, however, to determine how much of the personal factor 
had been eliminated, as obviously, the threshold value, and with it 
the very unit of the method itself, might be expected to vary con- 
siderably with different individuals. Some work has been done in 
comparing the odor determinations on the same sample of water by 
independent observers, and tentatively it may be concluded that 
this method offers considerable possibility and deserves more study 
and more general application in water laboratories. 

A series of comparative odor determinations were made in the 
laboratory of the Springfield, Illinois, water purification plant by 
R. C. Graves, A. R. Bennett, R. N. Statham and Charles H. Spauld- 
ing, under whose direction the work was done. The following is 
taken directly from Spaulding’s report to this committee, describing 
the methods employed and discussing the results obtained. 


A series of odor determinations which we have made at Springfield yields 
some information as to the accuracy of the method and whether the ability 
to detect odor varies greatly in different individuals. 

Eighty-six determinations were made by R. C. Graves and checked by 
another observer. Sixty-six of the check determinations were made by C. H. 
Spaulding; fourteen were made by A. R. Bennett, a mechanical engineer who 
had had but little experience with this method or any other; and seven were 
made by R. N. Statham of Industrial Chemical Sales Company. Our scale 
of dilutions was used, in which the odors increase by equal percent increments. 
Beginning with no dilution and an odor value of 1, each succeeding dilution 
uses approximately 20 percent less of the unknown water than the preceding 
dilution, giving increments of 25 percent in the odor value above the next 
preceding value. The measurements of water and the calculations are carried 
to two significant figures only, which fact accounts for some slight deviations 
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from this schedule in both the dilution column and the odor column. Inthe 
high dilutions where less than 1.0 ml. is used, the steps have been arbitrarily —_ 
adjusted to 0.1 ml. until 0.3 ml. is reached, when the interval becomes0.05ml. _ 

down to0.10 ml. Higher dilutions than this can, of course, be made by double __ 
dilution, and the same percentage increment should then be used. Unless __ 
some such table is adopted, it will not be possible to get comparable results 
from different observers. For example, a threshold value of 50 assigned by 

an observer who jumps from 2 ml. to 1 ml. means that the odor is 50 or more, — x = 


TABLE 3 
Dilution table for odor determinations £ 
The purpose of this table is to maintain uniformity of approximations over _ 
all ranges of values and to avoid fictitious accuracy and waste of time in at- 
tempting too close distinctions. A value recorded in any case should mean 
that the next higher dilution on this table was negative. 


4 ml. ml, 
m 1 1.0 100 17 36 2.8 
¢} 3 1.3 78 18 43 2.3 
e.g 1.6 63 19 56 1.8 
t+ 4 2.0 50 20 71 1.4 
rs 2.5 40 21 83 1.2 
{+ 6 3.1 32 22 100 1.0 
t+ 9 3.9 26 23 125 0.8 
T+ © 4.8 21 24 143 0.7 
1+ @ 5.9 17 25 170 0.6 
10 7.4 13.5 26 200 0.5 
ee 9.3 10.8 27 250 0.4 
12 11.6 8.6 28 330 0.3 
c4+18 15 6.7 29 400 0.25 

18 5.5 30 500 0.20 

15 23 4.2 31 670 0.15 7 
16 29 3.4 32 | 1,000 0.10 


but less than 100; whereas the same water might be called 71 or 83 if he uses 
table 3 and some other figure if he uses a different schedule. The Dilution 
Table is shown in table 3. 


The procedure followed in these tests was as follows: 


Dilutions of the unknowns were prepared by one of the team and handed 
to the other, who poured the dilution into his flask and made the comparison 
with the blank, reporting positive or negative. The comparor did not know 
what sample or what dilution he was receiving at any time; and in order to 
rule out all bias or prejudice, no regular order of sampling was followed. 
—_ the mee odor had been determined thus on a set of samples, the 
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Odor values as determined by various persons in terms of dilution numbers 
(See Dilution Table) 


DILUTION NUMBER DILUTION NUMBER 
SAMPLE 
| 


SAMPLE | 
NUMBER 
RCG | CHS | Dif. 


NUMBER 


RCG | CHS | Diff. 


Series 


0 
—2 
+2 

0 
+1 
—2 
+2 

0 
+1 


Total Tests 
‘Total Checks 
Differing by 1 
Differing by 2 
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| 
— 1 17 17 | 34 13 13 0 
2 12 10 35 7 9 +2 
3 12 10 36 7 5 
4 6 37 12 13 +1 
13 13 38 10 9 
ef 6 14 10 39 10 ll +] | 
7 12 11 | 40 11 11 0 
- + a 8 12 13 | 41 12 14 +2 
9 12 10 42 ll 10 -1 
ll | | 7 7 0 
ee 10 8 44 7 5 +1 
12 14 14 | 45 11 13 +2 
13 12 11 46 18 15 —2 
11 10 47 10 12 +2 
15 16 48 8 4 +1 
12 12 49 10 +1 
_ i 17 10 10 0 50 11 13 +2 
Lo —— 10 10 0 51 10 11 +1 
10 10 0 52 10 +1 
10 10 0 53 10 11 +1 
12 13 +1 54 | 10 11 +1 
22 13 12 -1 55 9 9 0 | 
a 23 15 15 0 56 9 il +2 
24 13 12 —1 57 9 
25 ll 9 —2 58 9 11 
= 11 12 +1 59 9 8 shiy a 
11 12 +1 60 13 7 eee | 
ll 13 +2 61 10 10 Or 
29 7 9 +2 62 10 11 
10 11 +1 63 10 11 
10 11 +1 64 11 9 
z= 32 9 10 +1 65 8 7 Phin ab 
33 11 10 —1 66 7 7 bis 
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TABLE 4—Concluded 
Ave. Departure from mean 
Series *2 
5 
1 8 9 +1 3 
2 10 2 42 || Differing by more............ "a: ie ee 
3 10 2 +2 || Ave. Difference.............. 3 i 
4 8 5 —3 || Ave. Departure from mean... .75 
5 9 9 0 || Bhigher thanG............. 7 Tests eo | 
6 9 8 = B lower than G............... 4 Tests 7 ie 
7 9 9 0 || Bhigher thanG............. 12 Dilutions 
8 8 4 —4 || BlowerthanG.............. 9 Dilutions ae 
11 10 ll +1 
12 2 | | | 
13 13 14 +1 
14 8 11 +3 
Series *3 
NUMBER Total Checks................ 3 a3 
1 9 10 +1 || Ave. Difference.............-. ie tests — 
2 8 8 Q || Ave. Departure from mean... .25 
3 & 8 0 S higher than G.............. 2 Tests 
4 6 5 ~~} S lower than G............... 1 Test : 
5 6 7 +1 | S higher thanG.............. 2 Dilutions 
6 8 8 0 | S lower than G............... 1 Dilution 
team changed positions and the process was repeated. No attempt was made 
to force agreement in the results. The eighty-six determinations made thus 
blindly in duplicate required an average of seven tests per sample (three and 
one-half for each observer) to find the threshold, and the time averaged 1} 
minutes per test, or about 11 minutes per sample. The observer usually made 
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his decision in less time than was required by the sampler to select and pre- 
pare the dilutions and record the results. The same flasks were used through- 
out a set of six or seven samples, with an occasional rinsing with odor-free 
water and ventilating by swinging in the air. 

Most of the determinations were made in groups of six or seven a day spread 
over a period of about three weeks, except that the last seven were made with 
Mr. Statham four months later. The waters tested were from jar tests of 
river water given various kinds of chemical treatment, some of which was 
for odor removal. The range of odors was from 2.5 to 43. 

A tabular summary of the results of these tests is given in table 4. In 
general, it seems to show that the ability to distinguish odors is remarkably 
uniform among these four persons. No observer gets results consistently 
higher or lower than the other. The sixty-six samples checked by Spaulding 


TABLE 5 
Comparative tests on Spaulding threshold method of odor determination 


THRESHOLD 
1 | Raw 11.1) 6.6 1 14.3} 20.0 
2 | Aerated 7.1) — | 16.6] 14.3 
Feb. 23 {| 3 | Filter #1 | —|| Feb.11{/3 | 12.6) 14. 
25 |20 Bu 20.0} 20.0 
20 |16.6 2/ 14.3) 12.5 
Jan. 27 9.0| 7.7 || Jan. 
12.5] 5.0 8.3] 9.0 
7.7\10.0 U5] 10.0] 66 


showed higher results in 30 cases and lower in only 21; but the accumulated 
difference was 41 dilutions on the plus side and 38 on the minus side. Graves 
therefore averages 1/22 of a dilution lower than Spaulding. Likewise, Graves 
averages 3/14 dilution lower than Bennett, and 1/6 dilution lower than Stat- 
ham. These would mean differences of 1 to 4 percent, roughly, if they may 
be taken at face value. The agreement between Graves and Bennett is the 
poorest due to the latter’s lack of training in the method, for his results were 
erratic in the light of the treatment which the water had received, Statham 
had previous experience with the method, and his checks were excellent. 
Returning to the Graves-Spaulding results, two of the 132 determinations 
must be thrown out as errors, as they were off by 4 and 6 dilutions. With 
the remainder, the widest departure from the mean is 1 dilution, and two- 
thirds of the checks depart from the mean by 1/2 dilution or less. soe 
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tually determined would have been absent in the smaller recom- . 
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The results of these tests have increased our confidence in the uniformity 
of results which may be expected from different laboratories, or at least differ- 
ent workers. The procedure followed in these comparisons may be used to 
test the advantage of modifications of this method. Ae, 


At the purification plant of the Apollo Water Company, Apollo, 
Pa., comparison of odor results obtained independently on the same 
samples by the plant operator, Emerson Foster, and the super- 


TABLE 6 
Odor results of table 3 stated in accordance with Spaulding’s recommended 
dilutions 
NUMBER ENCE NUMBER ENCE 
Foster Kelso Foster | Kelso 
1 11 9 —2 10 11 9 —2 
y 10 7 —3 11 12 8 —4 
3 12 14 —2 12 9 ll +2 
4 13 12 —1 13 14 14 0 
5 12 12 0 14 12 12 0 
6 12 11 —1 15 11 9 —2 
7 13 9 --4 16 10 10 0 
8 15 14 —1 17 11 9 —2 
9 14 13 —1 


vising chemist, Gilbert L. Kelso, resulted in the values given in z = 
table 5. 

While these results were not made with the dilutions recommended 
by Spaulding, an attempt has been made to tabulate them as he 
has done. When the dilution actually used did not match one of 
the recommended dilutions, it was assumed that the odor as ac- | 


mended dilution, but surely evident on the one next above it. The 
next higher dilution number was then assigned to the odor test, 


and tabulated in table 6. 7 + 
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Data on use of activated carbon 


Number of questionnaires sent out.....................2000eeee 400 
Number of questionnaires returned............................. 225 


Point of carbon application: 


56 


7 
Number of plants replying to question........ 219 
Number of plants applying carbon in process... 109 
Number of plants applying carbon on top or just ahead of 
sie Of the 109 plants using alum in coagulation process 
a 66 report getting better coagulation with carbon than without 
43 do not 
55 do not,—not answered by 14 olny | 
0 15 do not,—not answered by 18 (She 
By Of the 110 plants applying carbon just ahead of or on the filters é «. 
23 plants report getting shorter filter runs Q 


; 34 plants do not, and 53 did not reply “? 

38 plants prechlorinate in addition to carbon application — 


> 
Method of application: 


mumber using dry 70 
Total number using solution type feed.................... 65 
Total number adding carbon mixed with routine chemicals... 60. 


pounds per m.g. plants 
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saods | aliteer sed? 
Type of odor most prevalent 
TYPE OF ODOR 
Number of plants reporting one or more than one odor with which trouble is ee _ 
experienced 
Number of plants reporting 1 odor only... 
Number of plants reporting 2 odors................20-0c0ceeeeeeeeeeees 
Number of plants reporting 3 Odors: .......... 
Number of plants reporting 4 24 
Number of plants reporting 5 11 
Number of plants reporting 6 odors......... 2 


Results with powdered activated carbon 


In answer to the question ‘‘Has powdered activated carbon ee tastes ae 
and odors?’’— 


t 
121 plants reported ‘“‘Yes”’ active a 
15 plants reported ‘‘Partially”’ in semovale 


5 plants reported ‘‘No”’ ihe weier, and the useof the 


The remainder did not answer question. 


or marble for the remeval.of eggrestive 
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These results apparently check quite closely with those obtained 
by Spaulding and his associates, except that the differences in dilu- 
tions were consistent in that Foster practically always obtained a 
higher threshold value than Kelso. This indicates that Foster is 
possibly more sensitive to odors, a supposition that seems borne out 
in plant practice. ae 


METHODS OF PHENOL DETERMINATION 
Little or nothing has been accomplished in this item given to the 
committee for study. It has been found extremely difficult to get 
laboratories sufficiently interested to undertake a study of the 
methods available. ll 


ANSWERS TO POWDERED ACTIVATED QUESTIONNAIRE 


A questionnaire similar to the one attached to this report was sent 
to practically all the known users of powdered activated carbon. A 
summary of the replies received is given in table 7. 


34 
RECOMMENDATIONS 


It is recommended that this committee be discharged, and that 
the unfinished work of the committee in studying further the methods 
of odor determination and methods for determining phenols be given 
to a new committee formed expressly for that purpose. 
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because this treatment, if practicable, would be as simple as aeration. 


THE REMOVAL OF AGGRESSIVE CARBON DIOXIDE 
BY CONTACT BEDS OF LIMESTONE OR MARBLE 
By C. R. Cox 
(Associate Engineer, State Department of Health, Albany, N. Y.) 


The prevention of the corrosion of distribution systems and plumb- oe 7 
ing fixtures by lime treatment of soft water containing aggressive —__ 
carbon dioxide is well established and is subject to accurate laboratory __ a 
control. The very necessity of controlling this treatment, however, Zz Ss 


and of using chemical feed equipment of a nature requiring consider- | ats 
able supervision places a limitation upon lime treatment of small — i ox 


water supplies. Furthermore, it is difficult to apply lime to water a 
flowing by gravity from isolated reservoirs where the rate of flow “ae 
of water fluctuates and the lime solution must be introduced a 
water under considerable pressure, if a convenient location of the 
equipment be utilized. Finally, overtreatment with lime will lead _ ae 
to deposits in the mains. Because of this situation, aeration is fre- 
quently used to remove aggressive carbon dioxide because of the é 
flexibility of aeration and absence of problems of control. Aeration 2 - 
theoretically is capable of lowering the carbon dioxide content to 0.5 
p.p.m., that is to equilibrium with the normal CO, content of the air. 7 : , 
Unfortun: itely, however, it is not generally realized that aeration an 
seldom reduces the carbon dioxide content to a point less than 3 to 5 > 
p.p.m., whereas a carbon dioxide content in excess of zero to about = 
4.5 p.p.m. is aggressive when present in water having alkalinities 
from zero to about 100 p.p.m. For this reason, aeration alone should 


not be utilized for the average soft water. -_ 
The successful prevention of the corrosion of plumbing fixturesin 
hotels and large office buildings through the use of ‘“deactivators’ = 


containing iron filings, which result in the satisfactory removal of j- 
carbon dioxide and oxygen from the water, and also the use of the __ 

‘marble test’? for determining the calcium carbonate equilibrium __ 
- point of a given water, suggested a study of the use of contact bedsof = 
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Furthermore, such treatment has the advantage of increasing the 
alkalinity, which of course does not occur with aeration. 

It was, therefore, decided to operate experimental beds at Albany, 
N. Y., and at the Sherrill-Kenwood Water District near Oneida, N. Y, 
Laboratory data also were secured as to the effectiveness of this 
treatment of corrosive well water at the Brooklyn State Hospital. 
Furthermore, a full scale installation of this nature has been in use 
for several years at the farm of the New York State Department of 
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Health near Albany, N. Y. Valuable information as to this method 
of treatment was later discovered in German literature. An attempt 
will be made in this paper to summarize the information secured from 
these various sources. i 


INSTALLATION AT NEW YORK STATE HEALTH DEPARTMENT FARM © 


The spring water supply of the buildings on this farm was very 
corrosive even to high grade brass pipe. The results of the treatment 
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of this corrosive water by contact with crushed marble normally used 
for Terrazzo floors, about one-half inch in size indicate that a carbon 
dioxide content of 21 p.p.m. could be reduced to 1.0 p.p.m. by twenty 
minutes contact (table 1). The full scale plant used for the treat- 
ment of 2,000 gallons of water per day consists of a concrete basin in 
which one ton of *2 crushed marble is placed. The spring water 
flows horizontally through this bed of stone before entering the 


TABLE 1 


Spring supply at farm of New York State Department of Health, Albany, 
New York 


Results of agitating water in bottles containing #2 crushed marble 


96 


TABLE 1a 


Results with full scale installation 


One ton #2 crushed marble used, size 3} inch. Placed in concrete basin. 
Rate of flow about 2000 gallons per day. 


EFFLUENT OF BED 
RAW WATER 
12/5/29 
12/5/29 1/2/30 


distribution system. The analyses of samples of water before and 


after treatment was shown in table la, and the reduction in the 
carbon dioxide content is shown by curve 3 of figure 2. The treated 
water is non-corrosive, as judged by the absence of copper in the tap 


ter. 


ALBANY EXPERIMENTAL PLANT 


The Albany experimental plant was installed at the city filtration 
= It consisted of a bed of crushed limestone 3 inches in diameter, 
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24 inches deep, through which water was passed at rates varying from 
40 to 700 c.c. per minute. The material utilized is known as number 
l-a Helderberg limestone, which passes a j-inch screen and is held on 
a#-inchscreen. This material had 40 percent voids by measurement, 
The median size of the stone grain was determined by actual measur- 
ing of a number of grains and determining the median value. This 
median size was 3 mm.x4 mm.x 1mm.,making the volume 12¢.mm., 
and the effective area about 38 square millimeters, or about 0.06 
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NOTE: EQUIVALENT VOLUME OF STONE 
CALCULATED BY ASSUMING 40 % voios 
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FREE CARBON DIOXIDE-PPM 


ALBANY EXPERIMENT wa 


6 INITIAL ALK 34PPM 


T 
#3 NY. STATE FARM 


ZUINITIAL ALKALINITY 50 P.P.M 
be T T 
7 | —- 
INITIAL ALKALINITY 20 PPM. | LALKALINITY 50 PP 
° 5 10 15 20 
PERIOD OF CONTACT ~ MINUTES 


1 0.5 0.25 
, EQUIVALENT RATE OF FLOW-G.P.M PER CU.FT. OF STONE 


4 
27.7 58. 4 WW 0. 8 185.0 
EQUIVALENT VOLUME OF STONE~CU.YD. PER MILLION GALLONS 


square inches. The “effective size’ was 2.0 mm. These measure- 
ments indicated that the total surface of a cubic foot of the material 
is about 630 square feet. 

The raw water treated at the Albany plant was practically clear 
water from a large impounding reservoir. The experimental bed 
was operated from January 20 until May 19. During this period, 
the temperature of the water was very cold, varying from 1 to 12°C. 
This, of course, greatly reduced the speed of reaction, as will be men- 
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posited as a film on the stone. Unfortunately the water treated was 
relatively non-corrosive during the period of the test, the carbon _ 


TABLE 2 
Portion of results of experiments at Albany, N. Y., with upward flow 


Bed, 3 inches in diameter by 24 inches deep, containing 0.10 cubic feet of #1 a aS 
A Helderberg limestone—effective size 2.0 mm. (Note: Stone bed 2794 cc. ee -, 
in size—40 percent voids. ) Eire 


Be 

1933 

January 20....... 700} 1.8 | 2.2 35 34 3 
January 27....... 700| 1.8 | 2.0 36 34 3 
January 31....... 175| 0 46| 1.2 34 32 3 — 
February 19...... 150} 0 39) 1.0 38 38 5 747.8 
February 21...... 150} 0 39; 1.2) 250 | 39 38 4 7.47.9 
February 28...... 100) 0.26 39 34 7 | i 
March 9......... 60| 0.16; 2.0) 225 | 43 | 4 
March 15......... 60! 0.16 49 38 6 cf / 
March 27......... 70| 0.18| 3.0! 450 | 39 38 2 7.1/7.7. 
70 0.18} 3.6} 300+] 47 38 2 7.2/7.7 
April 13.......... 0.18} 4.2) 160 | 37 34 3 7.1/7.7 
April 20.......... 50| 0.13} 5.8| 110 | 44 36 3 TANT. 
April 26.......... 75 8.0} 500 | 38 36 2 7.4/8.0 
40 9.4/1,000 | 38 | 49 | 32| 33) 2 | 1 
125 | 40 34 1.5) 0.5/7.3/7.9 
100! 0.26! 10.8/3,475 | 43 34 1.0} {7.1/7.6 
May 13...... .....| Filter backwashed 
May 15........... 140) 40 35 2 |1 |7.317.7 
May 18........... 280) 0.73| 12.3) 925 | 37 38 3 | 1 {7.3/7.5 


The “marble test’’ with limestone indicates equilibrium at pH 7.8 to 7.9. 
The loss of head varied from } to 2 inches. 


dioxide varying from 2 to 7 p.p.m., the alkalinity from 32 to 40 p.p.m. 
and the hardness from 32 to 49 p.p.m., and the pH value from 7.0 to 


4.0. 
The “marble test’ of the raw water indicated that the equi- _ a 


Tom tioned later. The raw water was practically clear, but contained Pros 
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librium was reached at a pH of 7.9 to 8.0. It was found, in general, 
that the final effluent had a pH value within 0.2 units of this equi- 
librium point whenever the time of contact exceeded about 10 
minutes, which is equivalent to about 0.3 gallon per minute per 
cubic foot of material. Such satisfactory results, however, were not 
secured even at slow rates of flow after the bed had been operated 
for about six weeks, unless the bed were washed to remove the film on 
the stone. Much more frequent washing probably would be needed 
in summer. As stated above, this bed was operated with upward | 
flow and hence the loss of head did not increase to any appreciable 
extent, varying from 0.5 to about 2.0 inches. The film on the stone 
could be readily removed by washing at the conventional filter wash 
water rate of 24 inches of this vertical rise per minute. The results 

of these tests are shown in table 2 and curve 6 of figure 2. / | 


SHERRILL-KENWOOD WATER DISTRICT 


The experimental plant at this water district consisted of a bed 

0.66 square foot in area and varying in depth from 33 inches at the 
beginning of the test to 50 inches at the end of the test. The bed 
; consists of 5 inches of limestone, somewhat over one inch in diameter, 
i - : 4 inches of stone about one-half inch in diameter, 8 inches of stone 
one-quarter to one-half inch in diameter and 20 to 37 inches of so- 
called ‘‘chicken grit,’”’ somewhat finer than the stone used at Albany. 
The rate of passage of water through this bed was about 3 gallons 
ca per minute, although observations were taken with rates varying 
from 1.17 to 3 gallons per minute. The water flowed downward 
through this bed and appreciable losses of head developed, necessitat- 
ing washing at intervals of about 2 to 4 weeks, more frequently than 


ol in the case of the upward-flow bed at Albany. 
ied The tap water treated by this equipment was chlorinated surface 


water from a large impounding reservoir of the city of Oneida, which 
is treated by aeration and chlorination before being discharged into 
the distribution system. The results of the experiments are shown 
in table 3. The carbon dioxide content of the aerated water varied 
from about 3 to 5 p.p.m. The water had an alkalinity of about 20 
to 30 p.p.m. and a hydrogen ion concentration equivalent to pH 6.8 
to 7.1. The aerator was not operated from February 12 to March 22 
because of cold weather. This did not result in an appreciable change 
in the character of the water being treated by contact with limestone 
because the carbon dioxide content of the raw water was too low to be 
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greatly modified by aeration. 


The effluent of the experimental bed ‘i " 


had a pH value varying from 7.4 to 8.0 depending upon the rate of 
flow being utilized. The equilibrium point, as indicated by the 
‘marble test’”’ with limestone, varied from about pH 7.7 to8.0. Using 


Portion of results of experiments at Sherrill, N. Y. 


Bed of Munnsville limestone—downward flow. 
N. Y., system used in experiments.) 
Alkalinity, 20-30 p.p.m. Hardness, 20-30 p.p.m. 


(Aerated water, Oneida, 


LOSS OF HEAD, 
INCHES 


REMARKS 
Raton 


RATE OF FLOW 
Beas as 
& | ae 
1932 
October 18........ 3 1.50 | 
October 26........ 3 1.50 
November 1..... 3 1.16 | 
November 14..... 3 1.16 
November 15..... 3 | 1.16 | 
December 14......| 3 1.16 
December 16...... 3 1.16 
1983 
January 5........ 3 1.16 
January 7........ 3 | 1.16 
February 3...... 3 1.16 
February 4...... 3 1.16 
February 12...... 
February 20...... 
March) 2.223.220, 3 1.05 
Maren 22. . 3 1.05 
1.5 | 0.52 
2.25 
1.05 


2 cu. ft. stone used Oct. 18 
—Oct. 26 

Backwashed 10 minutes 

13 inches more fine lime- 
stone added. Bed 2.6 © 
cu. ft. 

Backwashed 10 minutes 


Backwashed 10 minutes 


Backwashed 10 minutes 


Aerator shut off 

2 inches more fine stone 
added 

2 inches more fine stone 
added. Bed 2.86 cu. ft. 

Aerator started again 


Backwashed. Water 
temp. 52°F. 
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od 1-5 | 6.9 | | 
he 27.0/ 6.9/7.4 
od 13.5 | 6.9 | 7.9 
22.5 | 6.9 
13.5 | 6.9 | 7.8 
29 | 6.9/7.5 | 
1S 13 6.9/7.3 |) : 
g 
d 6.9 | 7.4 | 
14 | 6.9) 7.7 | 
32 (6.8), 7.9) 
| 12 | 68 
| 
16.5 | 6.8 | 
| 
32 | 7.4 
6.9 | 7.5 
13 | 7.0| 7.7 
| 7.0 | 7.8 
14 | 6.9 | 7.7 
; ne Limestone bed had area of 0.66 sq. ft. a 


Inches depth of several sizes of stone 


these values as a criterion of the effluent, it appears that satisfactory 
results were secured with rates of flow of 1.0 gallon per cubic foot per 
minute. It was necessary, however, to wash the bed in the conven- 
tional way at least every four weeks. The indications arethat more 
frequent washing would be required during the summer months 
when the organic content of the water would be higher. 

An upward flow bed, 1 cubic foot in volume, was installed on the 
pipe leading to a hot water heater in a dwelling in this District. 
Red water is prevented in this hot water system except when the 
water is heated to boiling, at which time some corrosion is apparent. 


Fre BROOKLYN STATE HOSPITAL 


_ The water at the Brooklyn State Hospital, Queens, N. Y., is 
secured from deep wells furnishing water having a pH value of 5.6, 
an alkalinity of 10 p.p.m., a hardness of 13 p.p.m., and a carbon 
dioxide content of 26 p.p.m. This very corrosive water was placed 
in contact with a surplus of crushed marble and limestone and por- 
tions removed for analyses at stated intervals. These experiments 
indicated that 30 minutes contact was necessary for both marble 
and limestone having grain sizes of 0.5 to 0.75 inch. Contact for this 
period of time lowered the carbon dioxide content to 3 p.p.m. and 
increased the pH value to about 8.0, the alkalinity to 48 p.p.m. and 
the hardness to 54 p.p.m. According to the Tillmans curve, men- 
tioned above, this treated water had only 2.5 p.p.m. aggressive carbon 
dioxide, which experience has shown is of little practical significance 
with the alkalinity of 48 p.p.m. ofthe treated water, 
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_ closely with the results of the experiments discussed above, and have 
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These latter results were considered to be sufficiently satisfactory 
by the New York State Department of Public Works to justify 
the design of a full scale plant for the treatment of one million gallons 
of water per day. Three hundred cubic yards of crushed marble, 
0.5 to 0.75 inch in size will be placed in a covered concrete basin 42 
feet long, 11} feet wide and 10 feet deep. Well water will be pumped 
into this basin directly from the wells and the treated water will then 
be pumped by high lift pumps to the distribution system. The cost 
of this treatment plant alone is estimated to be about $6000.00. 


GERMAN DATA 


The German journal ‘“Vom Wasser’ for April, 1930 contained an 
article by Viesohn relative to a full scale installation of this nature at 
Frankfurt, Germany. A bed of crushed marble with a grain size of 
1.8 to 10 mm., a total area of 7,490 square feet, and a depth of 2.6 
feet, with upward flow, has successfully treated from 8 to 11 million 
gallons of water per day since 1908. The volume of stone bed pro- 
vided is 65 cubic yards per million gallons of water treated and the 
rate of flow is about one gallon per square foot per minute, or one- 
half the conventional rapid sand filter rate. This treatment reduced 
the free carbon dioxide from 30 to 3 p.p.m. and increased the hardness 
from 31 to 94 p.p.m. and the pH from 5.8 to 7.0. About 600 pounds 
of marble are dissolved per million gallons of water treated. Fresh 
material is added annually. Since 1908 the bed has been completely 
overhauled every eight years. This long life is due to the fact that 
the marble bed was treating the effluent from conventional sand 
filters. 

A reference, noted at end of this paper, indicates that a Dr. Poppel, 
Chief Chemist of the Egyptian Government, used chalk in 1912 for 
the removal of CO, from water, and that a similar installation was 
constructed in 1913 by Vollmer at Dresden, Germany. The litera- 
ture referred to is not available, and hence details cannot be given 
here. 

Dr. J. Tillmans in a very comprehensive article appearing in Vom 
Wasser (6, 59-91, 1932), entitled ‘‘The Rate of Degassing Carbon 
Dioxide Containing Water by Means of Filtration through Marble 
Beds,’’ presented complete data as to the effectiveness of laboratory 
experiments with waters of different temperature and varying carbon 
dioxide content. The experimental data so presented harmonize very 
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been used to present general characteristics of the treatment in 
figure 2. 

An illustration of the practical significance of the data presented in 
Tillmans’ paper may be shown by the following computations based 
upon the results of these laboratory experiments. A water having 
a temperature of 13°C. and a total carbon dioxide content of 40p.p.m., 
consisting of 30 p.p.m. free CO, and 10 p.p.m. half-bound COs, could 
be treated to the calcium carbonate equilibrium point in 20 minutes, 
That is, the treated water had an aggressive CO, content of 0, an 
inactive, free CO, content of 1.2 p.p.m., and a half-bound CO, content 
of 38.8 p.p.m., at the end of this period. This rate is equivalent to 
one million gallons per 185 cubic yards of crushed marble of 0.5 to 
1.0 mm. grain size. 


| Results at full scale plant at Delanson, N. Y. My 


No. 1 “Schoharie Limestone,’’ } to 3-inch size, 6.9 tons, 5. llcubic yards. Steel, 
pressure tank, 5 feet in diameter by 7 feet long: Rate of flow unknown, but 
probably averages 50 to 100 g.p.m. Contact period 4 to 8 minutes, assuming 
40 percent voids. 


EFFLUENT 
RAW WATER OF LIMESTONE 
BED 


A small limestone bed has been constructed recently at Delanson, 
N. Y., where treatment had to be applied to water under pressure, 
and flowing by gravity at varying and unknown rates, and where 
technical supervision was not available for lime treatment. Aeration 
was impracticable because of lack of adequate pressure. Further- 
more, the alkalinity of 28.6 p.p.m. was too low to justify aeration 
alone. A pressure steel tank 5 feet in diameter by 7 feet long, having 
a capacity of 137 cubic feet, was filled with 6.9 tons of No. 1 Schoharie 
limestone 0.25 to 0.75 inch in size. A 4-inch blow-off was provided 
for washing. Ordinarily the rate of flow through this tank is about 
50 to 100 gallons per minute. This supply is much more corrosive 


in late summer when the decay of organic matter leads to a material © 
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daily during this period. 


increase in the carbon dioxide content of the stored water. Thuson _ 5 
May 25, 1933 the raw water had a carbon dioxide content of only = 
2.0 p.p.m., a pH of 6.7, alkalinity of 28.6, hardness of 22.0. The 
effluent of the tank on the same day had a carbon dioxide content of 
zero, pH 7.3, alkalinity of 35.1, hardness of 31.0. These results are 
shown in table 4. It will be adenethiog to note the effectiveness " 
this treatment in summer when the water will be much more corrosive.! | 


DISCUSSION OF RESULTS 


The results shown in the foregoing tables and in figure 2 are actual 
values secured with water in contact with limestone or marble. In 
order, however, that these results may be properly evaluated, they a ey 
should be considered in connection with the calcium carbonate equi- = 
librium values, and the equivalent free carbon dioxide content. Bets 
Figure 1 shows the well known calcium carbonate equilibrium curve _ 
based upon the relationship between alkalinity and pH values at the 
equilibrium point, and also the relationship between alkalinities and 
free carbon dioxide content at the equilibrium point according to 
Tillmans’ equation: 


Alkalinity (as CaCO;) 0.203 x 10’ 


The equilibrium values shown in figure 1 are based upon pure solu- 
tions poe calcium carbonate and pero bicarbonate, and hence 


the curves. the’ curve is based upon a tempera- 
ture of 20°C. and hence different values would be secured for other f 
temperatures. In order, therefore, that may 


and the content of free carbon dioxide at the equilibrium point, is tie! 
not so well known as that of the relationship between alkalinitiesand 


‘Experience during the summer of 1933 has indicated that this plant was 
effective in preventing “‘red water,’’ except during a hot, dry period of 4 
weeks, when limited corrosion occurred. The indications are that a contact 
period of 15 to 20 minutes, rather than the 4 to 8 minutes available, would 
have provided adequate treatment. The stone bed was washed or flushed 
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pH values. This curve, however, permits one to determine how 
much, if any, of the free carbon dioxide in any given water is corrosive 
with the prevailing alkalinity. For instance, 4.5 p.p.m. carbon 
dioxide would be in equilibrium with the calcium carbonates and 
bicarbonate present in the water with an alkalinity of 100 p.p.m. 
Were such a water to have a carbon dioxide content of say 8.0 p.p.m., 
only 3.5 p.p.m. of the total would be theoretically corrosive. This 
curve, therefore, shows the futility of trying to prevent the corrosive- 
ness of waters of low alkalinity by aeration alone. 

Experience has shown that the corrosion of distribution systems 
and plumbing fixtures is a much more complex phenomenon than is 
ordinarily realized. In fact carbon dioxide itself is usually considered 
the corrosive substance in water, and it is assumed by many that 
corrosion can be prevented by its elimination alone. The accepted 
electrolytic theory of corrosion, however, indicates that iron and 
similar metals go into solution as long as their surfaces are exposed to 
water, and the hydrogen ion concentration of the water is favorable. 
This tendency for iron to dissolve is counteracted by an increase in 
the pH value and by the polarizing film of hydrogen gas which collects 
on the metal surface. This hydrogen isin turn removed by the scour- 
ing action of the water or is oxidized by the dissolved oxygen in the 
water. The iron going into solution forms ferrous salts in the absence 
of oxygen or ferric salts with oxygen present. With water of low pH 
value and high carbon dioxide content, therefore, the metal surface 
remains exposed to this action and the iron is soluble to a certain 
degree, but, when the alkalinity and pH value are raised to a point 
where carbonate films are deposited, the metal is covered by a film 
and is protected. Insofar as carbon dioxide is basically connected 
with the prevention of the deposition of carbonate films, it is of para- 
mount importance, but it must always be considered in connection 
with the prevailing alkalinity. 

The free carbon dioxide content may be divided into two portions, 
first, the portion which is in equilibrium with carbonate and bicar- 
bonates and which is non-corrosive to calcium salts, and secondly, 
the portion which is in excess of these balanced values and which 
would be termed aggressive. The aggressive carbon dioxide, of 
course, will dissolve calcium carbonate and form bicarbonates until 
the equilibrium value is reached through an increase in the alkalinity 
and pH values. The time required for this complete reaction, how- 
ever, is quite long, due to the very slow speed of the reaction when 
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the equilibrium point is approached. Fortunately, practice has 
indicated that it is not necessary ordinarily to reach the equilibrium ban = 
value in corrosion prevention because iron is practically insoluble in 
waters of high pH values and alkalinities. Thus many waters with — 
alkalinities of 40 to 50 p.p.m. are practically non-corrosive with pH 
values of 7.5 or higher, even with a carbon dioxide content of about 
2p.p.m. This important fact is shown by the two secondary curves 
of figure 1. The secondary curve, paralleling the equilibrium curve, Cao 
indicates the minimum pH values, for any given alkalinity, below 
which iron is sufficiently soluble to lead to “red water’ trouble. i 
The other secondary curve indicates the corresponding maximum | 
concentration of carbon dioxide, for any given alkalinity, above which _ 
‘red water” trouble is to be expected. The zones between the two 
groups of curves define the practical limits in corrosion prevention. 
Definite values for any given water, however, can be determined only —> 
by interpreting figure 1 in the light of the results of the marble test — i 
of that water. tee 
The above factors indicate, therefore, that corrosion may be pre- 
vented by the removal of all or a major portion of the aggressive =— 
carbon dioxide, and the corresponding increase in alkalinity, resulting __ 
from contact with crushed limestone or marble. * 
Figure 2 indicates all of the worthwhile values secured in these = 
studies. The curves Nos. 1, 4 and 7 represent values secured by oe 
Tillmans in laboratory stcalibel using crushed marble 1 to 2mm. in _ 
size and temperature of 13°C. Curve 5 represents actual results ir 
secured at the full scale plant at Frankfurt, Germany, where crushed _ 
marble 1.8 to 10 mm. in size has been used for a number of years. 
Curve 2 shows the experimental results secured with the well water 
of the Brooklyn State Hospital using crushed limestone and marble —s_— 
of one-half inch size. The other curves represent data secured at the _ ; 5 
experimental plants described above. 
Curve 1 of figure 2 illustrates quite clearly that the rate of reaction __ 
between the carbon dioxide and limestone or marble is so slow with 
initial alkalinities greater than 50 p.p.m. that this treatment would 
be impractical. The carbon cioxide content was reduced from 30 to 
about 8 p.p.m. after a twenty minute contact period. The slow rate 
toward the end, of course, is due to the fact that the free CO, had been 
replaced by bicarbonates, which raised the alkalinity to a total of 98 
p.p.m. in terms of calcium carbonate. These bicarbonates exert a 
counteracting influence on this reversible reaction, which influence 
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gradually slows up the speed of reaction until the equilibrium value 
is reached. On the other hand, when distilled water with the same 
initial carbon dioxide content was so treated, the water reached the 
calcium carbonate equilibrium value of 0.8 p.p.m. carbon dioxide in 
13 minutes, as shown by Curve 4. 

The speed of reaction also depends upon the initial concentration 
of carbon dioxide. Curve 7 indicates the much lower rate of reaction 
when the initial carbon dioxide content is 5 p.p.m. and the initia] 
alkalinity is 50 p.p.m. Under these conditions 11 minutes are 
required to remove the small amount of aggressive carbon dioxide 
from this water. It has been concluded from these general results 
that the removal of aggressive carbon dioxide by contact with lime- 
stone or crushed marble is not economically feasible when the alka- 
linity exceeds about 50 p.p.m. and the carbon dioxide content 
exceeds about 30 p.p.m. The best criterion for this is the final alka- 
linity of the treated water, which depends both upon the initial 
alkalinity and carbon dioxide content. This final alkalinity should 
be under about 80 p.p.m. 

As stated above, aeration alone is effective only when the alkalinity 
is greater than about 80 to 100 p.p.m. It is possible, however, 
through a combination of aeration and contact with limestone or 
marble to provide automatic treatment of corrosive water with alka- 
linities from 50 to 100 p.p.m. It is possible, therefore, through the 
use of contact beds alone or with aeration to provide automatic treat- 
ment for waters of varying alkalinities, which does not require 
technical control or elaborate mechanical dosing equipment. = © 

ot 
Effects of temperature rio 

The temperature of the water naturally influences the speed of 
reaction and equilibrium values and hence due allowance must be 
made for this factor. Experiments of Tillmans indicate that the 
speed of reaction between carbon dioxide and crushed marble or 
limestone varies according to the following relative values, using 6°C. 


Temperature Relative rates of reaction 

Shier wale ofT Bol Degrees C 


i 
¥ 
‘3, 
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20°C. the rate of reaction is 2.9 times the rate at 6°C. and thus the te . 
volume of stone and period of contact need be only about one-third a ere 


to treat the water at the lowest temperature encountered, to meet the — 
most unfavorable conditions. bo 


Effects of size of stone 


water and the surface of the limestone or marble and hence the area | 

of the exposed surfaces is of paramount importance. The experi- 
ments at Albany and Sherrill-Kenwood Water District and in Ger- — 
many involving the use of fine stone varied from an average diameter 
of about 1 mm. to several millimeters. Assigning a relative value of © 
1 to a stone with an average diameter of 0.5 inch, and assuming the 
particles are spherical, the various sizes of crushed limestone or 
marble would have the relative values shown in the following table. 


Average diameter Relative areas of 
te “‘Median”’ size used at Albany 5.5 oF 


These very approximate calculations indicate that the Number l-a id 
stone used at the Albany experimental bed had about five times the _ : 
area as the same volume of one-half inch stone. The experiments cee 
with the water supply of the Brooklyn State Hospital indicate that ino 
0.5 inch diameter stone is less effective than the 1 to 2 mm. material fopre: 
used by Tillmans, as shown by curves 1 and 4 of figure 2. The size 7 

of the stone is an important factor in connection with film formation, _ 
and friction losses, as will be discussed below. = 
dimqadt 


Volume of stone required 


The important data from the various sources noted in figure 2 
indicate that a contact period of 15 minutes is ample for the treatment a 
of waters having initial alkalinities of about 30 p.p.m. and initial — 
carbon dioxide content of about 30 p.p.m. Periods beyond 20 min- 
utes, however, involve the use of larger volumes of stone than seem — 
warranted. 
A reaction period of 20 minutes is aqelennenicn to 0. 15 athe per re 
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minute per cubic foot of stone, assuming 40 percent voids, which jn 
turn is equivalent to 185 cubic yards of stone per million gallons of 
water treated per 24 hours. Waters of very low alkalinity, and low 
CO, content, and relatively high minimum temperatures may be 
effectively treated at the rate of 0.25 to 0.50 gallons per minute per 
cubic foot of stone, or with a volume of stone equivalent to 110 and 
55 cubic yards per million gallons of water per day respectively. 
when the initia) on om 
Limestone versus marble on) aid’ 

Laboratory experiments indicate that various limestones and 
marbles differ as to their reaction with carbon dioxide, and naturally 
the softer limestones and marbles are preferable for this purpose. 
In general, limestone and marble are equally effective per unit of area, 
but most limestones are only 85 percent calcium carbonate, whereas 
marbles are 98 percent to 99 percent calcium carbonate. The 
insoluble material in limestone will be washed into the distribution 
system, and hence many might prefer to use crushed marble. This 
factor, however, does not seem to be of practical importance as the 
effluents of the experimental beds of limestone were clear after pre- 
liminary washing. 

Fine crushed limestone may be purchased in New York State for 
$1.00 to $1.50 per ton, F.O.B. quarry. This is equivalent to about 
$1.35 to $2.00 per cubic yard. Crushed marble is not so easy to 
obtain and prices have been quoted at $2.50 to $5.00 per cubic yard, 
delivered in New York City. These prices are said to be moderate. 


pore. lan 
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ae - One of the chief reasons for operating the experimental beds at 
Albany and the Sherrill-Kenwood Water District throughout the 
ss. winter, when the carbon dioxide content of the water was relatively 
oe ie low and hence not representative of the most corrosive conditions, 
Gk was to study the probable deposition of an organic film on the stone 
and its effect upon the rate of removal of carbon dioxide. The loss 
of head with the upward flow bed at Albany did not increase to an 
appreciable extent, even when the bed was not flushed for a period of 
---:12 weeks. The water at the time, however, contained from 110 to 
‘ a 3,475 “standard units” of microérganisms. On the other hand, the 
loss of head through the downward flow bed at Sherrill-Kenwood 
ae Water District increased to an appreciable extent in a relatively short 
oe time and back washing was essential at intervals of 4 weeks. Wash- 
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treatment, because of large relative area. 
5. Unfiltered surface water would deposit an organic film on the _ 
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ing was satisfactory at Albany when the rate was 15 gallons per 
square foot per minute, and 20 to 30 gallons per square foot per 
minute at the District plant. 

The necessity of washing stone beds treating surface water indi- 
cates the superiority of such treatment for clear, ground water or 
filtered effluents, such as at Frankfurt. Consideration should be 
given, however, to the use of this treatment in the form of a roughing 
filter, consisting of crushed limestone or marble having sizes about 1 
mm. and where conventional washing facilities would be provided. 
The experimental beds indicate that such a roughing filter would be 
effective in the removal of microérganisms from relatively clear 
surface water, and that conventional washing would free the stone 
surfaces of the organic film. It may be essential at periodic intervals 
to treat such beds with heavily chlorinated water or caustic soda solu- 
tions, as in the case of badly clogged sand filters, but insufficient data 
are available to enable a definite conclusion being drawn upon this 
important factor. When clogging is not a factor, the most eco- 
nomical installation would appear to be a concrete tank with hori- 
zontal flow, as proposed for the Brooklyn State Hospital. Another 
obvious arrangement would be an open stone bed below aerating 
nozzles. 


CONCLUSIONS 


These data seem to justify the following conclusions: 
1. Crushed limestone or marble will remove the aggressive carbon 
dioxide from water when the initial alkalinity is less than about 50 
p.p.m., the initial carbon dioxide content is less than about 30 p.p.m. 
and when the final alkalinity of the treated water is less than 80 to 100 
p.p.m. 
2. Contact periods of 10 to 20 minutes are sufficient under the 
above limitations, depending upon the size of the crushed stone, and 
the initial carbon dioxide, alkalinity and temperature of the water. 
3. Limestone beds 85 to 185 cubic yards in volume would provide 
such treatment for 1 M.G.D. of water, which beds would cost about 
$250.00 to $550.00 for stone alone. 
_ 4, Size 1-a limestone or marble would provide the most satisfactory 


stone, which must be removed by washing. 
6. Contact with limestone or marble provides automatic treatment 
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for corrosion prevention of water of low alkalinity, when aeration 
alone is not adequate, and, in conjunction with aeration, provides 
- automatic treatment for waters of alkalinities between about 50 and 
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DISPOSAL OF SLUDGE AT WATER PURIFICATION AND 
SOFTENING WORKS OF THE MAHONING VALLEY | 7 
SANITARY DISTRICT 


(Chief Engineer, The Mahoning Valley Sanitary District, Youngstown, 
Ohio) 


In the absence of a body of water affording a large degree of dilu- 


| 2 tion the disposal of settling tank sludge becomes one of the major 


problems involved in the use of the lime-soda process for water soften- 
ing. To avoid discharge of sludge into a stream of relatively small 


4 ie flow, sludge ponding was adopted for the recently constructed works 
of The Mahoning Valley Sanitary District. It is the purpose of this 


paper to explain the elements entering into design and the experience 


i= 5 of the first year of operation with this method. 


The Mahoning Valley Sanitary District, a public corporation of 
the State of Ohio, was created in 1926 to construct, operate and main- 
tain works for furnishing a public water supply to Youngstown and 


Niles, Ohio, cities having a combined population of about 190,000. 


Construction was performed during the years 1928 to 1932 and the 
works have been in operation since July, 1932. The supply is ob- 
tained from Meander Creek, a tributary of the Mahoning River. 
The drainage area above the point of intake is approximately 86 


- square miles and the supply is developed by means of a large im- 


pounding reservoir. The system includes purification and softening 
works, employing the lime-soda process with filtration, pumping 


_ works, and pipe lines for delivery to the member Cities and distribu- 


tion storage facilities. The purification and softening works are of 
nominal capacity of 40 m.g.d. Details of design related to the treat- 
ment of the water preliminary to filtration have been published else- 


_ where! and will not be repeated here. 


Briefly stated the treatment includes application of lime, soda ash 


and alum, mixing, settling, carbonation, return of sludge, and second- 


ary settling, all preliminary to filtration. The settling tanks are 


1G, Gale Dixon, Engineering News-Record, Volume 110, page 395. 
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equipped with cleaning mechanism of the Dorr type and sludge is 
removed continuously for disposal. 

The purification and pumping works are located in the valley of 
Meander Creek just below the dam at a point about two miles above 
the confluence of the Creek with the Mahoning River. This portion 
of the Creek is largely within the City of Niles and passes through an 
area of industrial and partially residential character. The data 
relating to supply and draft indicated that interruption of spillway 
overflow from the reservoir should be expected during a continuous 
period of about six months each year. These conditions eliminated 
the practicability of disposing of the sludge by direct discharge into 
the Creek channel and necessitated the development of some other 
method of disposal. 

Some consideration was given to the provision of a lime recovery 
plant whereby the lime sludge would be calcined to form quick lime 
for use in the treatment process and for disposition by sale. It is 
of interest to mention the lime recovery plant of the Southend Water- 
works Company, Southend, England, described briefly by Bartow.? 
The Southend works employ the excess lime treatment and the sludge 
is processed by calcining in a rotary kiln. A part of the quick lime 
thus formed is used for treatment of the water and the remainder is 
hydrated, sacked, and sold for agricultural and building purposes. 
It is important to note that the process of handling sludge in this man- 
ner produces more quick lime than originally applied to the water. 

Desiring to avoid the adoption of a recovery process, the practic- 
ability of which had not been fully demonstrated in this country and 
after study of the sludge disposal problem, sedimentation in ponds 
was adopted for the handling of the sludge from the settling tanks. 
It was considered unnecessary to pond the filter wash water and the 
direct discharge of this waste into the Creek was adopted. 

While the nominal capacity of the purification works as constructed 
is 40 m.g.d. the initial installation of sludge ponds was designed for 
the handling of sludge resulting from an average production of 20 
m.g.d., there being ample land area available for future extension. 
It was considered wise to provide two pond units each of capacity 
sufficient to receive and hold about one year’s production of sludge. 
The purpose of the pond is to receive the wet sludge as it is pumped 
from the settling tanks, retain the solid portion and permit the liquid 
portion to be disposed of by supernatant overflow, evaporation and 
seepage, the scheme of operation contemplating the continuous dis- 


* Journal, February, 1931, page 267. 
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— charge of sludge into one pond until filled, followed by a prolonged 
period of drying to a consistency permitting its removal by drag line 
- or other suitable means, thus restoring the pond to an empty condi- ae 

tion for re-use to receive wet sludge. 


of the sludge from ponding. Pre- 

liminary experimental studies of treatment of the water indicated — es 

~ use per million gallons of about 650 pounds of lime (90 percent CaO), — 


- 250 pounds of soda ash and 75 pounds of alum. Sere 


The studies indicated distribution of the lime requirements as ee ee 
follows: 


For removal of 5 parts per million of free CO, in the raw water, 53 pounds 
of CaO per m.g., according to the formula 0.074 X 5 = 0.37 grains per 
gallon = 53 pounds CaO per m.g. = 60 pounds lime (90 percent CaO). — 

For removal of 4 parts per million of free CO, produced from the alum 
treatment, 43 pounds of CaO per m.g. or 47 pounds of lime (90 — 
CaO). 

For half-bound CO, (44 percent of the total alkalinity of 65 parts a 
million), 303 pounds of CaO per m.g., according to the formula 0.074 © 
X (0.44 X 65) = 2.12 grains per gallon = 303 pounds of CaO per m.g. = sen 
337 pounds of lime (90 percent CaO). 

For removal of 10 parts per million of magnesium, 194 pounds of CaO 
per m.g., according to the formula 0.136 X 10 = 1.36 grains per gallon 

= 194 pounds CaO per m.g. = 215 pounds of lime (90 percent CaO). 


Sludge is produced from the chemical treatment of the water as - _ 
follows: 


(a) Calcium carbonate sludge resulting from reaction of lime with free 
and half-bound CO; and reaction of soda ash with calcium sulphate 3 7 


= (b) Magnesium hydrate sludge resulting from reaction of lime with mag- _ 
nesium salts; 
(c) Aluminum hydrate sludge resulting from alum treatment; 
7 (d) Sludge resulting from inert content of lime. iblodg . 
; ___ The weight of the suspended solids of this sludge per sian gallons 
of water treated was estimated as follows: 


with the CO, produced in the alum treatment, according to the reac- wes 
CaO and H,0 plus CO, = CaCO, will in proportion to the 
x molecular weights produce 171 pounds of CaCO; sludge as follows: = 


100.1 


(1) 53 pounds of CaO reacting with the free CO, and 43 pounds reacting 
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(2) 303 pounds of CaO reacting with the half-pound CO, according to the 
reaction CaO plus H,0 plus Ca(HCO;)s = 2CaCO; plus 2H,0 will 
oe = iit in proportion to the molecular weights produce 1082 pounds of 
CaCO; sludge as follows: 


J 303 X wit 1082 
os (3) 194 pounds of CaO reacting with the magnesium salts according 7 
F the typical reaction CaO plus H:O plus MgSO, = Mg(OH), plus 


bdaeni CaSO, will in proportion to the molecular weights produce 198 
fed pounds of magnesium hydrate sludge as follows: 


(4) 610 pounds of lime (90 percent CaO) will produce 61 pounds of inert 
material as sludge 


7 
joulaa 


610 X 0.10 = 61 
(5) 250 pounds of soda ash reacting with the sulphates according to the 
typical reaction Na,CO; plus CaSO, = CaCO; plus Na,SO, will 
in proportion to molecular weights produce 263 pounds of calcium 
carbonate sludge as follows: matt 19 


250 X = 263 ja 


100.1 
(6) 75 pounds of alum forming a floc according to the equation Al,(SO,);: 
16 H;,0 plus 6 HOH = 2 Al(OH); plus 3 H,SO, plus 16 H:0 will pro- 


th - duce in proportion to molecular weights 19 pounds of aluminum 

= 75 xX —— = 19 ib10908 4 


These computations are summarized in table 1. 

To make allowance for some variation of treatment and for sus- 
pended solids of the raw water the estimated weight of the suspended 
solids of the sludge was rounded to 2,000 pounds per million gallons 
treated and this figure used as a basis for design of the ponds. 

Given the dry weight of the suspended solids of the sludge per 
million gallons the most important factor determining the required 
holding capacity of the pond is the extent to which the sludge will 
dewater and lose its moisture content after it is discharged into the 
pond and before the pond is filled. The approximate volumes of one 
ton of sludge with various percentages of moisture are shown in 
table 2. 

In accordance with general experience in the continuous removal 
of sludge from settling tanks it was assumed that the sludge as 
pumped to the pond would be 90 percent water and 10 percent solids. 
It is of little importance with respect to pond design, however, 
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the sludge will soon ‘settle and lose most of the ‘‘free’”’ water so as to a 

reach a moisture content of 70 to 75 percent. The important ques- — : 
tion is the extent to which the moisture will further leave the sludge. 
_ If 70 percent sludge is to be anticipated a volume of 90 cubic feet per 


‘OF par 
7 4h Sludge produced in treatment 


POUNDS PER M.G. 


TREATED 


Calcium carbonate sludge: 
From reaction of lime with free CO. and CO, from alum 
From reaction of lime with half-bound CO,............... 
From reaction of soda ash with sulphates................. 


Magnesium hydrate sludge—from reaction of lime with mag- a 
Aluminum hydrate sludge—from reaction of alum........... dateas 19 eee 
1,794 
TABLE 2 


Volume and percentage HO of one ton of sludge 


POUNDS VOLUMB (CUBIC FRET) 
PERCENT H,O SUSPENDED pounps H,0 
Solids* Water Total 
95 2,000 38,000 16 608 624 
€ 90 2,000 18 ,000 16 288 304 
fe 85 2,000 11,330 16 180 196 
; 80 2,000 8,000 16 130 146 
; 70 2,000 | 4,670 16 74 90 od 
60 2,000 3,000 16 48 64 Te 
a: 50 2,000 2,000 16 32 48 eis 


* Assuming 125 pounds per cubic foot of volume occupied in the suspension. __ 2 
= 


. 50 percent sludge. Based upon the experience in ponding sludge in Z : 
- somewhat similar manner of various alkali industries and the water — 
softening plant at Marion, Ohio, it was assumed in the present case 
- that the sludge would concentrate to about 60 percent water content __ 
- upon prolonged storage with the pond in service and this figure was 


taken to indicate the condition of the sludge when the filling of the 
pond is complete. 
On this basis the volume of ponded sludge per million gallons 
treated was assumed to be 64 cubic feet as indicated in the foregoing 
tabulation and the volume per year resulting from treatment of 20 

m.g.d., 467,000 cubic feet. 
fr _ Two ponds were constructed on low ground adjacent to Meander 
4 Creek. The ponds are approximately rectangular and are surrounded 
. a and separated by earth embankments with interior slopes 3 on 1 and 
_ exterior slopes 24 on 1. The data with reference to the ponds are 
given in table 3. 

The wet sludge is pumped through a 4-inch line about 1300 feet 
long extending from the settling tanks to the embankment separating 
_ the ponds and may be discharged into either pond at any desired 
- Joeation along the length of this embankment. Each pond is pro- 


TABLE 3 
POND A POND B 
_ Average elevation of bottom....................... 862.5 861.5 
Area at elevation 871, acres... 1.72 
Area at elevation 869, | 1.61 
_Holding volume to elevation 871, cu. ft............ 550,000 
_ _Holding volume to elevation 869, cu. ft............ | 445 ,000 


_ vided with three outlet manholes located in the outer embankments 
and arranged for the placing of adjustable stop plank weirs so that 
the pond level can be held at any desired elevation for control of the 
discharge of the supernatant overflow to the creek. 

The cost of the ponds complete, including the 4-inch discharge 
line, was approximately $9,500.00. 
This method of handling the sludge has been in service since 
me — 1932 (10 months to date) during which period all sludge has 

been discharged to Pond A. The average volume of water treated 

during this period was approximately 10 m.g.d. and the chemicals 
used per million gallons averaged as follows: 


620 pounds* 
240 pounds 
130 pounds 


W. H. DITTOE [J. A.W. A, V 
a 
| 
: 
* Quantities which closely approximate those estimated. 


DISPOSAL OF SLUDGE a 


~ Owing to the low rate of water consumption pumping of sludge has 


not been continuous and control of moisture content has therefore 
been difficult. Samples of the wet sludge indicate that the moisture 
content has varied from about 90 percent during the early portion 


of the pumping period to about 98 percent at the end of this period 
averaging about 95 percent during the pumping period. Pres 


The sludge has settled satisfactorily in the pond leaving a clear E bev 


- supernatant with turbidity less than 15 parts per million which has | 
been disposed of without noticeable effect on the creek. . 


The volume of the concentrated sludge in the pond after 10 months Re: 


tive samples of the sludge to indicate its moisture content, but owing 
to the softness of the mass, samples could be secured only at points 
near the embankments. These samples taken during the latter part 
of May, 1933, by forcing a pipe into the sludge to a depth of about 2 


feet showed moisture content of 63.5 percent. It is believed that 
the average moisture content of the mass is considerably higher than _ 
this figure, possibly as high as 70 percent. Recently the pond level © 


has been maintained higher than the sludge surface in an effort to 
distribute the sludge over the pond area and this may account for 


By its moisture content as well as the indicated volume. With lower- _ 
ing of the pond level and advent of warm weather drying cracks have 
recently appeared at the surface of the sludge. 


This paper is perhaps premature or incorrectly titled since no 


authoritative information can be offered in regard to ultimate dis- 
posal of the sludge collected in the pond. Afterthe pond hasbecome 


filled it will be necessary to remove the material and dispose of it, in 


| é fe order that the pond may be used again. It is expected that after the E 
_ pond is thrown out of service the sludge will dry to a moisture con- 


tent of about 50 percent during a period of two or three months of 


favorable weather. This consistency should permit removal by 
— drag line without great difficulty. 

The material being principally calcium carbonate is probably suit- 
_ able for use for soil treatment in the same manner as agricultural lime 
_ and ground limestone are so used. Effort will be made to dispose of 
_ this material by sale or gift to farmers in the vicinity of the works. 
The success of this effort will without doubt require a campaign of 


operation receiving sludge from the treatment of an average of 10 ee 
 mg.d. is approximately 325,000 cubic feet or 107 cubic feet per | 4! 
million gallons treated. This occupies about 59 percent of the hold- B 
ing capacity of the pond. Attempt was made to secure representa- _ 
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in —— eatentaat and demonstration as the quantity of material to be dis- to 
posed of with each emptying of a pond is 15,000 to 20,000 cubic yards, as 
enough to treat 7,500 to 10,000 acres of land. If it is found impos. pl 
sible to thus dispose of the material it will be necessary to haul it to in’ 
g land for filling at considerable added cost without return. It is or 
_ probable that the ultimate success of disposal of the sludge by pond- lin 
ing in the manner described will be determined by the extent to which iny 

the utilization of the sludge can be promoted. The next few years’ 
experience at the works of The Mahoning Valley Sanitary District of 
are expected to furnish valuable data regarding the practicability and dr 
economy of this method of disposal. riv 
The Mahoning Valley Sanitary District from the time of its or- es 

ganization has been managed by a Board of Directors consisting of 
Jacob D. Waddell of Niles, Ohio, President, and Fred A. LaBelle of a] 
Youngstown, Ohio, Secretary-Treasurer. Engineering work was i so 
directed by W. H. Dittoe, Chief Engineer, and G. Gale Dixon, Deputy wl 
Chief Engineer. C. P. Hoover, Consulting Chemist, Columbus, we 
Ohio, advised the District with reference to chemical treatment. me 
DISCUSSION 

‘Tuomas R. Laruror (State Department of Health, Columbus, 
Ohio): The disposal of sludge from water softening plants has been th 
a problem since the installation of the first softening plant in this pl: 
country at Oberlin, Ohio, in 1903. Little attention, however, has als 
been directed to it until recently, because of the fact that until ten th 
years ago very little progress had been made in developing the soften- les 
ing process at least where municipal supplies were concerned. The re: 
older softening plants were located along streams where it was pos- do 
sible to discharge sludge intermittently during periods of flood flow m: 

without causing much nuisance, but with the advent of continuous 
sludge removal devices at Newark, Ohio in 1924 the situation was re} 
changed. Streams of fair size which during flood flow would be large th 
enough to carry away softening plant sludge intermittently dis- pl 
charged, were not able to move banks of sludge which were deposited bu 
in the stream beds during periods of low flow. It was not until the — ho 
continuous removal of sludge was practiced that any serious disposal of 
problems arose. pa 
At Oberlin in 1907 samples of sludge were drawn from the settling of 
basin at a depth of 6 inches below the surface of the sludge. On of 
analysis, this sludge was found to range in specific gravity from 1.13 A 


wa 


VOL. 25, NO. 11] DISPOSAL OF SLUDGE 
to 1.17 with corresponding percentages of water of from 82 to 75, 
and weights per cubic feet of 70.5 and 73 pounds. A report of this 
plant written at that time states that the discoloration of the creek 
into which the sludge is discharged “‘has caused considerable adverse 
criticism and has been so strongly objected to by the citizens of Ober- 
lin that it is customary to await a period of flood flow before attempt- 
ing to clean the basin. 

The city of Columbus, Ohio, has practiced intermittent discharge 
of sludge into Scioto River and only during periods of long continued 
drought has it been found necessary to flush out the basins during low 
river stages. At such times considerable dissatisfaction is raised, 
especially by fishermen. 

Laboratory experiments made at Columbus, where water having 
a hardness of 220 p.p.m. was treated with 7.5 gr. lime and 3.2 gr. of 
soda to reduce the hardness approximately 140 p.p.m., showed that 
when the sludge was dried to 44 percent moisture one million gallons 
would produce 2.09 cubic yards which equals } acre foot per year. A | 
moisture content of 45 percent is lower than can be expected by out- 
side air drying. The volume is increased when moisture reaches a 
much lower percentage because of the fluffy nature of the material. 

At Newark, Ohio, the continuous removal of sludge has caused 
the deposit of sludge banks for a mile or two downstream from the 
plant. This sludge is apparently inert. Considerable growths of 
algae are attached to these sludge deposits. Small fish often bury 
themselves in the sludge in order to get out of sight. Aside from 
leaving the bed of the stream white instead of brown there seems little 
reason for the objections which are raised. Up-to-date, Newark has 
done nothing to correct the condition which has been the cause of 
many complaints. 

Marion, Ohio, has a softening plant employing continuous sludge 
removal. The Marion Water Company has given considerable 
thought to the problem which has developed there. The Marion 
plant is softening approximately one million gallons of water a day, 
but the sludge being produced is nearly as much as that at the Ma- 
honing Valley plant described by Mr. Dittoe where 10 million gallons 
of water are being softened daily. At Marion between 500 and 600 
parts per million of hardness are being removed from 1 million gallons 
of water daily, whereas at the Mahoning Valley plant about 60 parts 
of hardness are being removed from 10 million gallons of water daily. 
Adjacent to the Marion plant is an abandoned quarry and a borrow 
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pit into which sludge was discharged. The borrow pit, 400 feet by 
75 feet by 20 feet deep, was filled with sludge in less than a year, 
The moisture content after air drying for some time is reduced to 
about 60 percent. It is difficult to get a lower moisture content and 
it is of such a consistency that it is difficult to handle. Experiments 
in filtering it by vacuum filters have shown that the moisture content 
can thus be reduced to about 50 percent. With this moisture con- 
tent, it is easily handled. This sludge has a value about equal to 
agricultural lime for neutralizing soil and a small amount of it has 
been given to farmers for this purpose. The disposal of more than 
two tons of insoluble material (dry basis) (30 to 40 tons as it leaves the 
clarifier) a day at this plant is stll an unsolved problem. 

Fostoria, Ohio, discharged the sludge into some abandoned tanks 
until they were full. Now it is being pumped through a 4-inch pipe 
line for a distance of about } mile to some low ground which is being 
filled in. 

If a plant is so located that advantage can be taken of filling low 
land, softening plant sludge makes an excellent material for the pur- 
pose. Some of the land surrounding the plant at Miami, Florida, has 
been so filled. When covered with an inch or two of soil, it is excel- 
lent for growing grass and vegetables on account of its quality of hold- 
ing moisture. 

During 1932, Mr. Dittoe was confronted with the problem of de- 
signing sludge beds to’ hold the sludge from the Mahoning Valley 
softening plant. At Sandusky, Ohio, Mr. Schoepfle had the same 
problem and at about the same time each made a study to determine 
some bases for the design. The following data were obtained from 
the 12th Annual Report of the Ohio Conference on Water Purifica- 
tion: 


“The Sandusky filtration plant was converted into a softening plant in 
1931. The plant is located on Sandusky Bay, an arm of Lake Erie. As the 
discharge of sludge into the bay would be unsightly, a piece of low-lying ground 
adjacent to the water works was surrounded with earth embankments and 
sludge was discharged onto it. Excess water drained off from the surface. 
Practically all the suspended solids settled in this bed. After more than a year 
of operation data were secured on which the design of permanent one e beds 
was developed.” 


Taq 
“The amount of water treated per day equaled 3.34m.g.d. | 
tah 
The amount of hardness removed equaled 63 p.p.m. 
Sludge bed in service 388 days 
Amount water treated 1,344 million gallons 
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596 tons 
2tons 
‘Sludge per m.g. (moisture free)............. 2470 lbs. to-the 
Sludge per day (moisture free).............. 8480 lbs. 
of 
Moai Sludge bed area 60,000 sq. ft. f° 
Average depth of sludge 2 6 ft. ith the 
~ Volume of sludge in bed 156,000 cu. ft. gianta- 
Tai Volume of sludge per million gals..... 116 cu. ft. aitys 
Water content of sludge (not air dried)..... 75.8 percent edited 
Weight sludge per cu. ft 73.1 lbs.”’ 
‘From these data there are in the bed 1,380 tons of sludge on a dry basis. 
This amounts to 84 per cent of that theanetis ally produced. Pee 


d 
The acre feet of wet (75.8 percent moisture) sludge produced ton 


The acre feet of wet sludge produced per year per m.g.d....... 1.01 r 
The acre feet of wet sludge produced per year per m.g.d. per 100 
p.p.m. hardness removed 


As Mr. Dittoe has pointed out, the problem of the ultimate disposal 
of softening plant sludge is still unsolved where it is impossible to dis- 
charge it into a stream. At the present cost of lime, it will probably 
never be found economical to reburn it. Where it is produced in 
large quantities it will not be found feasible to dispose of any large 
percentage of it for agricultural purposes. The problem will un- 
doubtedly resolve itself into disposal by filling low land and the 
charge for handling it will have to be applied against the cost of water 
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REPORT OF THE COMMITTEE ON FILTERING 
MATERIALS 


The committee will issue only a brief progress report. Actual 
committee work has been confined largely to watching what others 
are doing. In starting the work our committee promised it would 
not encroach upon the work already under way on filter materials 
by the Committee of the American Society of Civil Engineers, and 
that we would confine our efforts along other lines for the time being. 
The A. S. C. E. Committee’s work has been limited largely to the 
actual performance of filter sands of various sizes and grading when 
used for filtering waters of variable characteristics. This leaves a 
considerable range of subjects on filtering materials which shou'd 
receive consideration, although the performance of such materials 
is of greatest importance. 

One phase of the subject now receiving some study, largely by 
those who are not members of the Committee, is the hydraulics of 
filtering materials, that is, the flow of water through clean sand. The 
committee is not sponsoring this work, but wishes to give it encourage- 
ment, to express appreciation of what has been done, and to encour- 
age additional work on the subject. The work should continue 
until there is fairly general agreement on the various factors which 
affect the flow of water through sand beds, and the importance of 
each factor. 

The committee appreciates fully that the laws of hydraulics as 
applied to the flow of clean water through clean sand do not of them- 
selves give sufficient information to allow a designer or filter operator 
to determine in advance the behavior of a filter under practical 
operating conditions. Furthermore, to our knowledge no effort 
has yet been made to correlate the findings of these hydraulic in- 
vestigations with actual filter operation. It seems highly desirable 
that the next step to be taken in these studies is to search for such a 
correlation. 

Before the correlation can be complete, however, it is evident that a 
considerable amount of additional fundamental research has to be 
done. Specifically, the factors of dirtiness of sand and water must 
be taken into account. In other words, further experiments are 
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: 
‘dirtiness of the water, we all know that its effect is to make loss of 
a ~ amount of water that has passed. That means that the instanta- _ = 
neous value of loss of head, as computed by the hydraulic formulas _ oes 
available by the current research, may have to be modified 
greatly to take into account the amount one toughness of coagulated 
turbidity that has been collected by the filter. . 
_ The behavior of a filter in practice as reflected by its loss of head | 
jg the end result of the operation of a host of factors. Todate the 
investigations made have sought to discover the parts played by only 

four of these factors: sand size and shape, depth of bed, rate of flow 

and water temperature. No claims have been made by the investi- 
gators that other factors were not of equal or even greater impor- __ 
tance. The work reported so far, however, will be available in the | 
J studies that are to be made in the future to account for the other © 

important factors. 

The experimental work on sand hydraulies carried on at Detroit - 
been reported in detail by Hulbert and Feben (THE Journat, 
95: 19-65, January, 1933). In brief these investigators made a Rm 4 
_ purely empirical study of the effect of the four factors mentioned ji 
above on filter loss of head. Their conclusions were: ue . 
1. Loss of head is directly proportional to depth of bed. dinedlwes 
2. Loss of head is directly proportional to rate of flow. 


3. Loss of head is inversely proportional to the 1.89th power of > ee 
the grain diameter. 


4. Loss of head is inversely proportional to ¢ + 20.6, where “‘t” | a . 
is the water temperature in Fahrenheit degrees. RG 
Sand grain shape, or degree of angularity, was carefully studied — zt 
in this investigation. It was not found to be feasible to measure a 
angularity directly; instead, in their conclusions, angularity is ae 
measured indirectly through its effect upon porosity. evael 
In using the Hulbert and Feben method of computing loss of * 
head, the bed is considered to be made up of a series of sand layers, in peu ee 
each of which grain size is uniform. Loss of head is computed for e a 
‘| layer, and the sum is the loss through the entire bed. Foreach 2 
layer the grain diameter is determined from the grading curve of the 2 . 
sand used, the assumption being made that the sand in the bed 1 a 
graded fron finest at the top to coarsest at the bottom. ae 


— 
needed to show how the fundamental hydraulic laws must be modi- —| 
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The final conclusion from the Detroit experiments is in the form 
of a formula for — the initial loss of head: 


edi ted? ens: 10 [3s (t + 20.6) to 


where d is depth of bed in inches, p is porosity in percent, ¢ is tem- 
perature of water in Fahrenheit degrees, 7 is rate of flow in m.g.d. 
per acre, s is grain diameter in millimeters. 
_ Additional work on the same subject has been underway for some 
time at Harvard University. Following the presentation of this 
report Professor Fair will present to you a report on the work done 
by him and his colleague and their conclusions Comments on 
Professor Fair’s report will be reserved until after it has been pre- 
sented to you. 
Mention should be made of the following papers: ‘‘A Granulo- 
metric Test for Sand,” by C. M. Wichers and E. Jacobs, published 
in the May, 1932 issue of Tor JouRNAL; ‘“The Clarification of Water 
- Supplies by Filtration Through Anthracite,” by H. G. Turner and 
G. 8. Scott, published in Water Works and Sewerage, April, 1933; 
and the discussions of Hulbert and Feben’ s, published with the artiels. 
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“THE CONTROL OF IRON AND MANGANESE IN ong 


FILTER SAND! 4d 


Pau, W. Frisk owteoesd T 


Chemical Laboratory, American Enka Cor rporation, 


Water in the manufacturing of rayon plays an important réle and 
 eareful attention is given to its supply, treatment and maintenance 
of its equipment. Since we have experienced and dealt with the 
manganese problem in water purification it seems worth while dis- 
cussing this subject on the basis of our experiences. 

One may find an article on the subject of manganese and iron in 
almost any water works journal. The public is becoming more 
sensitive about brown spots on porcelain ware and on laundered 
materials. The industrial plants have long realized the danger of 
allowing small quantities to enter into the manufacturing process. 
This is particularly true in pulp, paper, textile and rayon manu- 
facturing. Many difficulties may arise when these constituents are 
not considerably reduced or eliminated. 

Iron and manganese are found in some quantities in deep wells, 
due largely perhaps to the high CO, content which readily dissolves 
these constituents. Although surface waters in general do not con- 
tain high percentages of iron and manganese, if such waters are 
impounded for any length of time under varying conditions of 
temperature and organic growth, one may expect to find after a time 
a considerable increase in these chemicals. This chemical action is 
common where organic acid conditions exist. Such is the case in 
many impounded reservoirs.2, These increase during certain seasons 
of the year and it is possible to take advantage of the stratification 
during the particular periods to reduce their amount. 

Those who have impounded reservoirs as supplies, before chemical 
treatment, may find it advantageous to apply this preliminary 
treatment and precaution. 


'Presented before the Annual National American Water Works Associa- 
tion, June, 1933, Chicago, IIl. 
* Water Works and Sewerage, January, 1932. St bik wet ste te 
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The bleeding of these reservoirs at the extreme bottom at the 
opportune time results in the lowering of the iron and manganese 
content in the water to be treated, and consequently if the intake 
can be so situated or controlled that the water may be taken near 
the surface, a water containing less manganese than the lower 
portions may be obtained. 

These two ingredients in reservoirs are usually combined with 
organic matter. The greater the proportion of organic matter to 
manganese, usually the more difficult the water may be to treat. 

Water of this type often requires prechlorination before coagula- 
tion and chlorination at the time of coagulation. To oxidize iron 
and manganese successfully it is first necessary to destroy the organic 
matter. If the organic matter is in the form of small organisms it 
may be necessary to provide larger dosages of chlorine and longer 
contact periods. 

The writer has found that both iron and manganese may be 
eliminated by applying chlorine and potassium permanganate, using 
chlorine for killing the organic matter and potassium permanganate 
further to oxidize the manganese. The latter is also applied to keep 
the residual chlorine content below 0.3 p.p.m. Chlorine itself would 
be sufficient if used in sufficiently large amounts, but when this is 
done, equipment is sometimes seriously affected and dechlorination 
must be used. Potassium permanganate is a powerful oxidizing 
agent and when coming in contact with manganese and iron readily 
oxidizes them to Mn.O;, MnO, and Fe,O3. On the other hand, 
when algae are filled with manganese or iron and are acted upon by 
chlorine the material precipitates with the coagulant, thus causing 
its removal. 

Chlorination and prechlorination in the preliminary stages in the 
removal of iron and manganese is increasingly used, particularly 
with soft water having little or no coloring matter. Even with the 
application of chlorine and potassium permanganate, if the period of 
sedimentation is not sufficient, iron and manganese will be carried 
on to the filters. 

At the Enka plant a four unit, gravity sand filter is in use, with 
an operating capacity of 1,200,000 gallons per filter per day, pre- 
ceded by three hour settling basin and chemical treatment con- 
sisting of alum, soda ash, chlorine and potassium permanganate and 
during the winter alum with sodium aluminate. The characteristics 
of the raw and filtered waters are shown in table 1. | 
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TABLE 1 
| RANGE OF IMPURITIES 
CONSTITUENTS Raw water Filtered water 
Minimum Maximum | Minimum 
BET. 10 70 0.5 or less 
ails ot ari. ai .t 12 10 0.0 
Alkalinity as HCO; 18 23 27.0 
Residual Gres) Cl.....:. | 0.20 


To show the actual amount of manganese removed by the basins, 
many analyses have been carried out. 3 

The data in table 2 show the. manganese in samples taken from 
the top of the filters. For such small quantities of manganese in 


(Results in p.p.m.) 
The effluent gives a satisfactory water for rayon id ha where stave pipe 
lines for any distance are used. 


RAW WATER AMOUNT REMOVED PERCENT REMOVED IN BASINS 

0.08 0.05 62.5 

atte | 0.04 0.03 75.0 

0.09 0.07 78.0 

* These results show that probably the manganese is tied up with the = eh. 
organic matter, making the precipitate more complete. ‘3 


the raw water, chlorine only has been applied as an oxidizing agent. pe 
we The sand effected the further reduction of manganese, leaving less — 
_ than 0.01 p.p.m. in the final clear water effluent. oe 


It has been customary when the Manganese in the raw water 


exceeds 0.1 p.p.m. to add potassium permanganate. Consideration PO 
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has also been given to the amount of chlorine consumed and whether 
_ 0.01 p.p.m. of manganese can be found in the clear water effluent. 

It is possible to remove all of the manganese in the settling basins, 

if sufficient time is available. 
To show the effect and action of potassium permanganate when 
added to the water containing more than 0.1 p.p.m., and the amount 
of manganese precipitated in the basins and the amount coming on 
top of the filter, a few results are given in table 3. These are aver- 
age figures where the concentration of manganese in the raw water 
varies. 

Analyses for iron and manganese on the filter sand were started 
shortly after manganese appeared in the water to the extent of 
affecting certain chemical process, and as heretofore stated was 
treated by potassium permanganate. In comparing the results, — 
shown in tables 4 to 7 inclusive, it is obvious that the iron and 


TABLE 3 
RAW WATER AMOUNT REMOVED IN BASINS | 
0.15 0.12 “rh 80.0 ot 2 


manganese have gradually increased, but not at an alarming rate. 
i The contrast between the results of manganese before and after 
- washing show that a considerable quantity of iron and manganese 
are removed during each washing. 
In table 7 (dealing with Filter No. 4) the accumulation was no 
eM greater than on any of the other filters which had been operating 
Jey for a period of four years. In order to make certain that the filter 
sand was in a reliable condition, we proceeded to make a thorough 
inspection of the entire filters by removing all sand and gravel, in- 
specting the various layers of gravel, sand and underdrains. Upon 
inspecting the conditions of the sand and underdrains, we found 
them to be in first class condition and required no repairs of any 
kind. 
an ie The filter was rebuilt back into condition by using new gravel and 
sand. After a thorough washing of the filter, the effluent was al- 4 
ay lowed to flow vanee into the regular clear well storage. 
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The test was made on the effluent of this new filter and compared 
with the other filters. A slight amount of iron and manganese 
could be detected in the effluent for the first few days, but thereafter 
the effluent was identical with the other filters. 

The mechanical operation of this filter was not unusual. The 
filter time was apparently the same. We were naturally not ex- 
pecting a marked improvement in the operation of this filter upon 
the assumption that the accumulation of both iron and manganese 
had retarded the efficiency, but this was not apparent. 


oe EXPERIMENTAL FILTERS 


‘Experimental filters were constructed for the purpose of deter- 
mining the effect of cleaning filter sand, with solution of caustic 
soda and the difference, if any, in the quality of the resulting effluent 
of the sand cleaned and the original or dirty sand. 

For convenience and in order to obtain comparable results the 
two filters were constructed at the regular filter plant in such a 
position that the water from on top of the regular filters could be 
taken and run through the experimental filters, which would be the 
same water having the same dosage and coagulating characteristics 
as that used throughout the regular filters. In this way the water 
from the effluent of the clean sand, the original and dirty sand, and 
from the large filters could all be tested and compared. 

Each filter was one foot square and of the same height as regular 
filter beds, containing various grades of gravel at the bottom 4 inches 
of ¢ to 13 inch, second layer 4 inches of gravel of 4 to ? inch, third 
layer 3 inches of 3 to } inch and the fourth layer of 3 inches of 4 to 
#10 gravel. On the top is 27 inches of fine silica sand, effective 
size of 0.35 to 0.45 mm. and uniformity coefficient of 1.65. The 
filter bed of the experimental filters was constructed so that it con- 
tained a strip of glass which made the sand visible. The outlet 
was provided with valves which could control the effluent and also 
others which could be used for re-washing the sand after various 
periods of running. The water is carried over from on top of the 
regular filters into the experimental filters. 

The first series of tests which were run were made upon new sand 
compared with sand taken out of the regular filter bed. Comparison 
of the effluents of the water from the new sand and from the water 
from the dirty sand was made. At the same time comparison was 
made of the effluent from the regular filters. A comparison of the 
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| 
rs constituents which would influence the quality of the effluents js | 
given in table 8. 


The experiments were carried out with sand which was treated 
with caustic soda and in one case 17 percent caustic soda was gl. | 
lowed to stay in contact with the sand for six hours, and then re. | 
washed with clean water until there was no phenolphthalein alka. 
linity. The filters were then operated for a period of twelve hours, 
after which the samples were collected and analyzed. The differ. 


TABLE 8 


CONSTITUENT ‘NEW SAND | DIRTY camp 
bakes | 0.00 0.00 
(Results in p.p.m.) 0% DEL St 
SAND TREATED 


(Results in p.p.m.) 


ence between the sand treated with caustic soda and the untreated 
sand is shown in table 9. Both iron and manganese are higher than 
in the unclean or untreated sand. 

These results are considered to be averages on composite samples 
taken over a period of 70 hours. Another series of trials were carried 
out wherein the sand was treated with 10 percent caustic soda for 
a period of six hours, and after which the lye was drained off and 
the filters washed with clean water until free from phenolphthalein 


5044 [J. A. 
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sults in p.p.m.) 
TABLE 11 
NEW SAND DIRTY SAND 


sand, table 11 shows the difference in the iron and manganese content 
of the sand and the relationship between the different sizes of sand. 


to run to waste for a few hours and composite samples were taken 
over a course of 70 hours. At the same time in the experimental 


filter new sand was used so that the comparison of the quality of —__ 
the effluent is based upon new sand, treated sand and the untreated = 


sand. The analytical data recorded in table 10 show the differences. ae > 


TABLE 10 


EXPERIMENTAL FILTER 
CONSTITUENTS 
From filter From filter ae 
having new having clean | Filtered water — 
sand sand 


Grade (in percent): bas 
Through 60 mesh................... 0.12 _— 
Through 100 mesh................. — 0.31 
Effective size, m.m..... 0.35-0.45 — 
Uniformity coefficient 14 


The dirty sand contained 1000.00 p.p.m. of iron and the treated — 
sand 475.00 p.p.m. of iron. The manganese in the dirty sand is 


1760.00 p.p.m. and in the treated sand 990.00 p.p.m., whereas in 
bane ot ai 
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the new sand the iron and manganese are 46.00 and 0.5 p.p.m. 
respectively. Furthermore, it is observed that part of the iron and 
manganese salts remain in solution until the water reaches the filter 
beds and in the effuent of the filters such contents of iron and 
manganese have disappeared. A filter made from almost iron free 
sand does not show this absorption, and in this case iron and man- 
ganese may be found to rather considerable extents in the effluent. 


Fias. 1-4 


Zapfie (7) and Egger (8) consider this to be a catalytic action of 
the iron and manganese in addition to precipitation on the sand. 
It is also obvious that the effluent from filters containing new sand 
will carry a higher amount of iron and manganese content until 
there is deposited a small quantity of each of these constituents 
in the sand. 
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Figure 1 shows a microscopic picture of new sand and 2, of dirty 
untreated sand, showing heavy deposits of both iron and manganese 
between the grains of sand. This material has a reddish brown color, 
which is very readily soluble in caustic soda or a weak mineral acid. 
Figures 3 and 4 show the effect and appearance after cleaning in 
caustic soda 6 and 24 hours, respectively. 


One can see a large improvement in the sand grains due to cleaning 
in caustic soda. Practically all the manganese and iron have been 
removed. 

The dirty sand thus treated was allowed to soak in caustie soda 
in the experimental filters. The sample was taken about 18 inches 
below the surface. 

From the experiments carried out on washing the sand with caustic — 
soda, it is apparent from both the chemical and photo-microscopical 
examinations that the sand beds may be cleaned very successfully. 
ad oaly bh “hone aot 
1, Manganese up to 1.0 p.p.m. in raw water may be removed by 
- double oxidizing agents, coagulated and precipitated by aluminum 
sulphate and soda ash. 

2. The last traces of iron and manganese may be removed by the 


3. There is no apparent effect on the quality of the effluent when __ 
the sand bed contains as much as 1.0 percent of manganese and 0.2 
percent of iron calculated on dry sand. 
4. By careful periodic washing with the air rake, it was possible __ 
o keep the iron and manganese to approximately 0.5 percent overa 


6 to 12 hours dissolves a large part of the iron and manganese oxides 
which are readily washed out. 

6. Although this study is not complete, there is sufficient evidence 
to indicate the practical advantage of treating sand with caustic 
soda which may minimize the accumulation of iron and manganese 


oxides in the filter sand. 


Hawley and W. 8S. Mahlie. Engineering News-Record, 90, May 10, 
to opinion of! dodetint of tory Die 
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(2) The Removal of Manganese from Water by Means of Natural and Arti- 
ficial Black Sand. Luhrig. Gas u. Wasserfach, 70, pages 1277-81, 
1927. 

(3) Effects of Manganese on Filter Operation. L. V. Carpenter. West 
Virginia University, College of Engineering Bulletin, Series No, 16 
No. 9, May, 1931. 

(4) Manganese and Its Relation to Filters. Boynton Perkins. 

(5) Methods for Removal of Iron from Water Supplies. Wellington Donald- 
son. Kentucky and Tennessee Section of A. W. W. A., 1931. 

(6) History of, and Methods for, the Removal of Manganese in Water Sup- 
plies. Carl Zapffe. Jour. A. W. W. A., May, 1933. 

(7) Zapffe, Carl. Economic Geology, 26, page 799, 

(8) Egger, F. Vom Wasser, 5, page 48, 1931. 


DISCUSSION 


Ropert W. Sawyer (Assistant Engineer with Malcolm Pirnie, 
Consulting Engineer, New York, N. Y.): In keeping with the speci- 
fications of the paper ‘‘The (¢ of Iron and Manganese Accumu- 
lated in Filter Sand” this discussion should also be considered as a 
progress report since the experience with which it deals principally 
is rather too short to permit definite conclusions to be drawn at 
this time in regard to accumulations on the filter sand. 

In the treatment of a water containing iron or manganese, or 
both, as is usually the case, there are two distinct approaches to the 
problem where rapid sand filters are involved: 

(1) The entire process may be planned to maintain a pH such 
that the iron and manganese will remain in solution. 

(2) Treatment may be provided which will completely oxidize the 
iron and manganese prior to the application of water to the filters. 

The first method is applicable to waters which contain only moder- 
ate amounts of iron and manganese and which should preferably have 
a pH of not more than 7.5 and certainly not more than 8. While 
this limitation on pH is sufficient to prevent oxidation as it is usually 
conceived, it does not preclude the possibility of trouble with iron 
and manganese accumulations in the filter sand and also in the pipes 
of the distribution system, due to bacterial activity. Although 
such accumulation may become obnoxious through perodically 
sloughing off the pipes in the distribution system, the sand problem 
can be handled by thorough cleaning from time to time with caustic 
soda solution. 

With the type of treatment that gives complete oxidation of iron 
and manganese prior to filtration the problem of accumulations in 
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the distribution system is eliminated and we may give our attention c 


to the question of maintaining the filters in proper operating condition. = 


At Providence, R. I., chemical treatment designed to remove iron 
and manganese from a soft, colored, impounded surface water was 
initiated in August, 1931, and has been successfully continued up 
to the present time. In changing the treatment from alum coagu- 
lation to iron and lime coagulation it was found necessary to clean 
the sand to remove the accumulated organic matter which contained 
some iron and manganese. This work was accomplished effectively 
with caustic soda solutions varying in strength from 1.0 percent to 
1.4 percent in the several filters. 

Up until May, 1932, coagulation was effected with ferrous sulfate 
~ (copperas) and lime and since that time chlorinated copperas and 
have been used. 

_ As a result of laboratory research and experimental plant oper- 
ation it has been decided that anhydrous ferric sulphate is the most 
economical ferric coagulant at the present time and it is planned to 
adopt this treatment in the near future. 

Since iron and lime coagulation has been in use, raw water has 
been drawn at all times from the bottom intake at the reservoir. 
This procedure furnishes water which does not contain algae found 
_ nearer the surface in warm weather and permits utilization of the 
~ increased iron and manganese content which occurs during stag- 
nation periods so that it is possible to reduce the quantity of coagulant 

added at the filter plant. 

_ During the twenty-two months that an iron coagulant has been | 
used at Providence the sand has remained in exeellent condition 
throughout the entire depth of the beds and after washing appears — 
. - to be practically as clean as it was following cleaning with caustic 
soda. With the use of chlorinated copperas floc penetrates the 
sand to a depth of about six inches and while there is some adsorp- 


toward progressive accumulation. 
The filters are washed when the loss of head reaches 7 feet, the 
total length of wash being about 5 minutes with maximum expansion 

lasting for approximately 3 minutes. The vertical rise of wash 
water is increased from 20 inches per minute in cold weather to 25 
inches per minute during the summer months corresponding to an 7 
water temperatures of about 40°F. and 60°F. respectively. 


1 Journal, 24: 11, p. 1771. 
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Under this scheme of operation with a ferric coagulant the length 
of filter runs has been increased materially. The average run per 
filter for December, 1932, was 87 hours with a maximum day of 
113 hours before the loss of head reached 7 feet. 

The experience is too short to draw any definite conclusions, but 
the indications are that even if iron and manganese are accumulating 
on the sand the rate is practically negligible and there is no prospect 
that the sand will need cleaning for some time to come. When and 
if the need arises it seems likely that it would be advantageous to 
abandon the caustic soda wash in favor of acid wash such as hydro- 
chloric acid, since the water applied to the filters has a pH of 9.7 to 
9.8 and it seems probable that an acid wash would prove more effec- 
tive than the alkali treatment. 

With iron coagulation and supplemental lime dosage to oxidize 
the manganese and produce a non-corrosive water it is also important 
to maintain an alkalinity balance that will not coat the sand with 
carbonate. Satisfactory results are being obtained at Providence 
with 1 p.p.m. to 3 p.p.m. of hydroxide or caustic alkalinity expressed 
as CaCO;. ‘The total alkalinity of the effluent is about 12 parts per 
_ million and the soap hardness remains close to 25 parts per million. 
_ Another water works which is interesting to those concerned with 
/. _ iron and manganese removal problems is the Boulevard Purification 
Plant at Lowell, Mass. A complete description of this plant may be 
found in the JouRNAL.? 

The treatment for the removal of iron and manganese at this plant 
involves aeration, coke contact beds, settling and slow sand filtra- 
tion. Numerous relatively shallow wells are the source of supply. 
Practically complete oxidation of the iron and manganese is effected 
_ without any chemical treatment and iron of 3.0 to 5.0 p.p.m. is dee- 
- imated while manganese of 1.5 to 2 p.p.m. is completely removed. 
The oxidized metals penetrate the sand beds to a depth of about 
six inches and no further treatment of the sand has been found 
necessary other than the usual washing and raking over a period 
more than 16 years.* 


2 Journal, 4, 1917, pp. 138-164. 
* Courtesy of Mr. M. A. Murphy, Superintendent, Purification Plant, 
owell, Mass. 
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FUNDAMENTAL FACTORS GOVERNING THE STREAM- ~ 


LINE FLOW OF WATER THROUGH 
ae 


By Gorpon M. Farr anp Loranus P. Hatcu 
(Associate Professor of Sanitary Engineering; Research Fellow in A a 
Sanitary Engineering, Graduate School of Engineering, Harvard 


University, Cambridge, Mass.) 


It has long been recognized, in the light of the work of Poiseuille — 
(1842) and Darcy (1856), that the stream-line flow of water through © 
sand is governed by essentially the same factors as the stream-line — 
flow of water through pipes, and there appears to be no reason why — 
we should not be able to draw upon our well developed know 
of the hydraulics of pipes to obtain a better concept of the permeabil- — 
ity of sands. It is the purpose of this paper to show that this path of 
thought which has been entered by most workers in the past can be — 
followed a good deal farther, and it is hoped that our wanderings will © 
carry us to a point of vantage whence a wider and clearer view of the — 
problem can be obtained. 7] 

Confining our discussion to stream-line flow, which predominates — 
in water filtration, dimensional analysis of the flow of water through — 
pipes | leac ids to the following well-known equation: 


h = loss of head in terms of water column eto 
= length of pipe apomib 
_ k =a constant of pipe flow whose magnitude is 32 - wom | 


= acceleration due to gravity 
_-m = absolute viscosity of water 
___r = density of water (mass per unit volume; rg = weight per — ee 
ss» = mean velocity of flow or rate of discharge per unit cross- — 


@ = diameter of pipe 


nid 
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The units of these symbols need not be included in their definition 
_ as the formula holds for any consistent system of length, weight (mass) 
and time. 

If we regard the pore space of sand as constituting a series of more 
_ or less tubular passages, let us see what transformations in the various 
me ; factors of the dimensional equation are necessary to convert this 
| oh. formulation of the flow of water in pipes into one of the flow of water 
through sand. 

ca af Recognizing that the concept, of loss of head is the same for sand 
; a as it is for pipes, that g, m and r are physical constants and that the 


LLL 


h 

| 
LOSS OF HEAD 
CONSTANT FOR 
ALL PIPES 


F ie. 1. ANALoGy or FLow IN Pores or FILTER Sanp To FLow IN Pipe 
BETWEEN RESERVOIRS 


_ pipe-flow constant can be replaced by a sand-flow constant, there 
ts remain three factors whose translation into terms of sand flow requires 
oe: some discussion. These are the factors of velocity, length and di- 
> cireuler nines, the length of path followed by the water can be 
7 am determined by direct measurement, and the velocity of flow can be 
wo identified as the rate of discharge per unit cross-sectional area. In 
s sand, the length of path followed by the water and the velocity of 
ie _ flow vary not only for different sands and different degrees of packing 
but also within a ore bed of sand. If we consider a bed of sand as 
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analogous to a system of pipes of unequal length connecting two 
reservoirs and assume that the pores are reasonably alike! in cross- 
sectional area, it follows from equation (1) and figure 1, since k, g, m, 
r, and d are constant, that 

h= (; 3) lv = kolovo = = kolsve { 


In words: the product lv is constant, and it becomes possible to 
employ in place of actual length of path the measurable depth of 
sand bed and in place of actual pore velocity, the rate of discharge 
per unit area. 

For our convenience, furthermore, we may think of discharge 
per unit area in terms of gross area, or area of sand bed as a whole, 
rather than in terms of net area, or area of free pore space in which 
water is in motion. If we consider the open area in any horizontal 
layer of sand as passing water, the mean velocity of flow through the 


interstices is 7 where v is the velocity of approach over the gross area 


of sand and f is the porosity ratio, i.e. the ratio of volume of voids to 
total volume of sand bed. Actually all the open area does not con- 
tribute to flow. There are stagnant spaces within channels of flow, 
side pockets and deadends. This fact, however, is not important so 
long as the free area of flow bears a constant ratio to the total open 
area. While this is not strictly the case, there is some evidence to 
show that departures from constancy are not excessive. Hee 


Diameter 


In the past, the diameter term of the pipe-flow equation seems to 
have been converted directly into a sand-diameter or sand-size term 
on the assumption that sand size governs the dimensions of the more 
or less tubular passages in which water flows through a bed of sand. 
Recognizing that a sand of given size can be packed in different ways, 
a porosity factor was added by certain workers. To allow for the 
irregularity of sand particles, finally, other workers replaced the 
diameter term by a term representing the surface area of the sand, 
A, per unit volume of sand, V. 

Since, of itself, the diameter of a sand grain has no more relation 
to the flow of water through a sand bed than does the thickness of a 


1 Averaging influences are depended upon to make this statement accept- 
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pipe to the flow of water through it, it seems to the authors that a 
- better concept of the pipe diameter factor is obtained if we replace 
- the pipe diameter term by that of the hydraulic radius, a term gen- 
~ erally employed in hydraulics to evaluate what corresponds ‘o the 
diameter effect of non-circular conduits. Bearing in mind the defini- 
tion of the hydraulic radius, the following transformations may be 
made: 


: cross-sectional area of pipe 
wetted perimeter of pipe tue 


cross-sectional area X length volume of water 
wetted, perimeter length ~ surface area of conduit 


= 


dlody volume of water in sand pores 


surface area of sand al 


It will suit our convenience, furthermore, to express the volume of 

water in the sand pores, or the volume of voids, in terms of the vol- 

ume of sand and the porosity ratio as follows: 
volume of voids = f X total volume = 


volume of sand 


Substitution results in the following expression for the hydraulic 


radius of a sand bed: wih ke 
lume of sand f V f 
Alydraulie radius = = aie 
surface area of sand 1 — f A 1-f 


. 
Summarized transformation 


Proceeding from the formulation of the flow or water through pipes 
(equation 1), we have now arrived at a basic transformation of this 
equation to cover the flow of water through sand, as follows: ae 


wol logr f f yr V 


In this equation, all of the variables can be subjected to direct physi- 
cal measurement. The factors of sand surface and volume, how- 
ever, can be determined conveniently only by indirect means and 
their evaluation by ordinary engineering procedures has, wittingly or 
unwittingly, long been the crux of the problem of the hydraulics of 
sand filtration and sand expansion, 
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AREA-VOLUME RATIO OF SAND i ,vlaseivdO 


If we examine sand grains under the microscope, we will observe 
that they may differ in two essentials: size and shape. If the parti- 
cles originate from the same source, however, there appears to be but 
one collective difference, namely size. Since surface area and volume 
are functions of size and shape, it becomes necessary to evaluate these 
characteristics. 


Sand size and shape 


Taking a simple geometric structure, such as a split the concept: 
of size and shape that enter into the determination of the surface ares 


and volume of a sand grain may be exemplified as follows: 


Here is the shape factor d is the size In 
the case of irregular sand grains neither the shape factor nor the size 
factor is found so readily. An irregular sand grain does not possess a 
definite diameter, but it does possess a definite surface area and a 
definite volume and hence a definite area-volume ratio. If, there- 
fore, we chose some consistent means of measuring some one diameter, 


1 
there must be some one shape factor which, when multiplied by > q 


will give the area-volume ratio of the sand particle. 

On the basis of work by Martin and Bowes in England and as a 
result of their own studies, the authors suggest the following tentative 
shape factors for sands of varying degrees of sharpness whose size is 
designated by means of the manufacturer’s rating of sieves. See 
figure 2. 


RATIO TO 
SHAPE OF SAND SHAPE FACTOR SPHERICAL 
FACTOR 
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Obviously, if the size factor is not determined in accordance with the 
manufacturer’s rating, the shape factor will take a different value, 
_ For sand of the same origin, however, the shape factor may be taken 


Fic. 2. SHAPE oF FILTER SANDS 


1, Angular sand—shape factor 7.7. 2, Sharp sand—shape factor 7.4. 
=: Worn sand—shape factor 6.4. 4. Rounded sand—shape factor 6.1. Shape 
= ssn of spherical sand 6.0. 


substantially constant irrespective of size as determined by the 
manufacturer’ s rating. 

The question arises as to how we may proceed from the evaluation 
of the area-volume ratio of a single particle to that of a bed of sand. 
As we shall see, this step must be different if the bed is stratified as in 


a rapid sand filter or unstratified as in a slow sand filter. 
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If the filter bed is unstratified, a unit volume of sand in any a 

of the bed is similarly constituted with respect to collective grain 
size and pore space, and the loss of head through any portion of the 
vertical depth is the same as through any other portion of like depth. 
The area-volume ratio of the sand can, therefore, be determined on 
the basis of any portion of the bed or of the bed as a whole. For any 


portion of sand 

of the d? for each sand grain 
bene fw oft Sum of the d* for each sand grain ai sid T 


This entails finding the sum of the squares and cubes of the indiv idual 
sand diameters. 

As in the past, this problem can be simplified for engineering pur- 
poses by sifting the sand through a set of rated sieves and obtaining 
a record of the weights of sand held between adjacent sieves. Each 
portion of sand held between adjacent sieves can be assumed to have 
an average diameter lying between the two sieve sizes, and since it 
can be shown that the size distribution of the sand is geometric, the 
best average to use is the geometric mean, i.e. the square root of the 
product of the two sieve sizes, or d = ~/d,d>, where d is the geometric 
mean size and d, and d, are the rated sizes of the adjacent sieves. If 
100 grams of sand are sifted and P grams of sand made up of N grains 
are found to lie between adjacent sieves and possess an average (geo- 
metric mean) diameter d, the total surface area of these N grains 


ofsand willbe: d betes wvello diqab 
ed ods lo-gnibs ot 


If, in accordance with the previous notation, the weight of a unit vol- 
ume of sand is called Rg, where R is the density of the sand, the vol- 


ume, V, of P grams of sand becomes V = = Hence the area of P 
grams of sand is: ( ak 


Fora 100-gram bed as a whole, the area of the sand grains is poco ins 
the sum of the areas of the various sieve separations or: 
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A S P S P 
i sum of = Rg | sum of 


The volume of the 100-gram bed as a whole, furthermore, is: 


100 
Rg 1s 
P 


This is merely the weighted average area-volume ratio of the sand. 
Substitution in equation (2) leads to the following formulation of the 
flow of water through an unstratified filter bed. 


“a 
k m(1— f)? S 


If we wished to place 100 grams of sand in a column of given cross- 
sectional area, in such a manner that the sand was graded from the 
coarsest particles at the bottom to the finest at the top, we could, 
without resorting to hydraulic stratification, approximate the desired 
bed structure by passing the sand through a series of sieves and 
packing the separate sievings into the column. It would be found 
that the porosity ratio of the various layers of sand, composed of 
substantially uniform sand grains, was almost constant and that the 
depth of layer created by each sieve-separated portion was, therefore, 
proportional to its weight. The grading of the bed, however, would 
produce area-volume ratios varying from large values at the top of 
the bed (fine grains) to small values at the bottom (coarse grains). 
Hence the frictional resistance would be greatest at the top and small- 
est at the bottom. According to equation (2) the loss of head in the 
layer of bed containing P grams of substantially uniform sand would 
be: 


ifuchurer rating. 


But, if the P grams of sand are made up of N grains, then as before: 
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furthermore, if L is the length of the whole column or depth of bed, 
then on the basis of uniform porosity: 


“te sid ia easly 


Hence the total loss of head, H, for the bed is: yA 
tration 

if H = [Sum of h] = v of = 

or » aubrvibnai 
to vii km(1—f)? pip ai 
vL | som of (4) 


A comparison of equations (3) and (4) will show that there is good 
reason why the loss of head through a stratified filter bed should be 
distinctly different from that through the same bed in the unstratified 
condition even when the porosity ratio happens to be the same. — 


Expanded filter bed 


When a filter bed is washed, by what is called high-velocity wash, 
the wash water filters upward through the bed, and if the velocity is 
sufficiently great, the grains are lifted and the bed is said to expand. 
This movement of the sand, however, does not change the funda- 
mental nature of flow which is that of filtration through a stratified 
bed of sand, except that in the expanded bed the void space is not 
constant as in the case of the consolidated bed, but is smallest for the 
large grains and vice versa. With this exception in mind, it should 
be possible, therefore, to formulate the expansion of a filter bed in 
terms of filtration. 

Fundamental to this procedure is the reasoning, supported by 
observation, that when sand grains become suspended in upward- 
flowing water, their frictional resistance must be equal to the sup- 
ported weight, i.e. the weight in water, of the grains. Writing the 
equation thus implied, we have on the basis of a unit cross-sectional 


area of sand column: 
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Substituting this value of h/l, in equation (4), written for a single 
layer of expanded sand and bringing the factors containing the 
porosity ratio f,, as measuring expansion, to one side: 


Phiz js mobrely the we ‘ of the 


This equation permits the determination of the porosity ratio of the 
expanded sand and, by assuming substantially uniform voids in the 
individual sand layers, also the evaluation of the expanded depth |, 
in terms of the unexpanded depth, /, and the porosity ratio of the 
unexpanded sand, f. Specifically: 


To find the total depth of the expanded bed, it is necessary to sum the 
depths of the individual expanded layers, or: 


{Sum of /,] = | Sum of 


Since the depth of the unexpanded layers is proportional to the weight 


of sand, P, —or 5 = a —we find on the basis of 100 grams of 


sand that the total depth, L., of the expanded bed bears the following 
relation to that of the unexpanded bed, L: to aart @ 


w nif L. = [Sum of = som of L iter 
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Equations (6) and (7) permit finding the degree of expansion of a 


1 
sand. In determining f., or better ——, from fe 


will be found useful and is easily pre- 


in equation (6), 


fé 1 
versus 
a plot rs i-f, 
pared. So long as the computed porosity ratio is less than that of the 
unexpanded sand, the portion of the bed under study has not — ed 


dan lo ytiee 


Filtration and expansion equations summarized 


The four equations defining the hydraulics of sand filtration and 
sand expansion may be simplified in statement and summarized as 
shown in the following schedule. 


(6) had Yo lo 
Filtration 
S 2 

silt (A) Unstratified sand bed. H= KLT Fv Sum of 4 (1) 

yu P 
“Stratified sand bed. H=KLT Fv — som | (11) 
100 d 

od} to E=fK,7T.»v (7) (IIT) 


The notation of these four equations which are dimensionally cor- 
rect and which hold, therefore, for any consistent system of length, 


weight (mass) and time is as follows: 


H = the loss of head of water passing through the filter bed in terms of 
water column. 
K = the filtration constant. According to tests by the authors K = 


5/g for any consistent system of units of measurement. 

K, = theexpansion constant. According to tests by the authors K, = 4/g 
ss for any consistent system of units of measurement. The reason 
ss for the difference between K, and K lies in the fact that in an ex- 

(toni panded sand bed the full surface area of the sand grains and the 
full volume of voids are effective. 

L = the vertical depth of the filter bed (unexpanded). 

L,. = the vertical depth of the expanded filter bed. 
T 


= ™ = the temperature, or viscosity-density, factor for filtration 
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Ne since the viscosity, m, and density, r, of the water both vary with 
+ the temperature of the water. 


m 
T. = ll the temperature, or viscosity-density, factor for expansion; 
R lies between 2.60 and 2.65 for quartz sands. 


(1-/)? 
f* 


= the porosity factor; f is the porosity ratio of the filter bed. 


3 

E = ie = the expansion characteristic; f, is the porosity ratio of the 
expanded sand. 

v = the velocity of approach over the gross area of the bed. 

S = the sand shape factor. 

d = the geometric mean of the rated sizes of adjacent sieves. 

P = the percent of sand by weight held between adjacent sieves. 


In order to find by equations (I) or (II) the loss of head through 
a clean filter bed, we must know: (1) the depth of bed; (2) the ten. 
perature of the water; (3) the porosity ratio of the bed; (4) the rate 
of filtration per unit filter area; (5) the shape of the sand, and (6) the 
size-weight distribution of the sand as determined by a sieve analysis, 
In order to find by equations (III) and (IV) the degree of expan- 
sion of a filter bed, we must know: (1) the depth of the unexpanded 
bed; (2) the temperature of the water; (3) the porosity ratio of the 
unexpanded bed; (4) the rate of wash per unit filter area; (5) the 
density, or specific gravity, of the sand; (6) the shape of the sand and 
(7) the size-weight distribution of the sand as determined by a sieve 
analysis. 
4 Computations are straightforward and may be aided by diagrams 


alin, or tables of some of the recurring factors such as the temperature fae- 


tor, the porosity factor and the expansion characteristic. = 


cae j 8 Series of tests made by the authors, but not recorded in this paper, 
iP 3 show close agreement between theory and experiment both in regard 
Thy % to individual variables and collective effects. The chief factors which 
iad _ have not been evaluated are the variation in free area of flow, as against 


- porosity ratio, and in surface of sand exposed to flow, as against the 
- total surface area. Arithmetic summations based upon the size- 
weight analysis of sand are adhered to in this paper as giving the 
- most direct, though not necessarily the quickest or most accurate, 
oF approach to the problem. The greater the number of sieve separa- 
o - tions within the common limits of sand size, the greater the accuracy. 
: = upon the geometrically normal distribution of sand size com- 
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‘nal monly observed, the authors have been able to derive equations of 
Y with flow that present a more complete mathematical solution of the prob- 
‘ lem in hand. Use of integral calculus, however, has been purposely 
a avoided in the present paper. 
The relative numerical importance of the factors included in the 
or bed, formulations are shown by the following schedule of ratios of head 
josses produced under normal conditions of filtration of cold water 
of ‘the through clean sand beds. 
Temperature variation 68°F. to 32°F.. haw 
Porosity variation 45 percent to 35 percent voids............. Bria 
Shape variation rounded to angular....... 1:16 
Uniformity variation (as given by Hazen’s coefficient): ale 
Size variation (as given by Hazen’s effective size): mas 
> Tale Slow sand filters (0.35 to 0.25 
3) the Rapid sand filters (0.60 to 0.35 mm.)...................... 1:3 
— As the title of the paper indicates, the equations presented apply 
nded only to the stream-line flow of water through sand. According to 
f the limited observation by the authors, however, the analogy that exists 
) the between pipes and sand beds in stream-line flow appears to be capable 
soak of extension into the turbulent range of flow. The terms “water,” 
dan “sand,” “filtration” and “expansion” have been used to simplify dis- 
cussion and must not be considered true limitations of the equations 
ai proposed. There appears to be no reason why the equations should 
Pe not hold in many cases of ground-water movement as well as of the 
passage of gases and of liquids other than water through materials 
other than sand. OY 
: viateradal dove tA 
DISCUSSION od fon tlre +} 
an HERBERT E. Hupson, Jr. (Junior Sanitary Engineer, Division 
hich of Water Purification, Chicago, IIl.): Chicago experiments on the 
sini flow through sand confirm generally the results of Fair and Hatch. 
yr Briefly, Chicago’s experimental results include data from a large 
aaa number of observations on each of 22 small glass tube filters. These 
re FF data have been verified by further tests on plant size filters. Eight 
ail of the sands used have uniformity coefficients less than 1.30. The 
x other 14 materials cover the entire range of filter materials. The 
oie Chicago data show the following facts: 
1. Loss of head is proportional to depth. pad 
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2. Loss of head is proportional to rate of flow. 
3. Loss of head is inversely proportional to the diameter of the 
sand grains. 

4. Loss of head is directly related to the coefficient of viscosity, 

On these factors there is general agreement among past workers, 
But where porosity is concerned, there is either sharp disagreement or 
_ silence. Past workers on the effect of porosity on the flow of fluids 
through porous material have, with the exception of Hulbert and 
Feben, failed to produce any consistent data. It seems very likely 
_ that the data of Hulbert and Feben will support Fair’s evaluation 
when they are converted to the same form. Chicago results closely 


check Prof. Fair’s evaluation of porosity effect. = = 


DETERMINATION OF SAND SIZE 


There has never been agreement on the determination of sand six, 
_ This is still one of the factors involved which remains to be worked 
eu out accurately. For the present, we must remain content with meas. 
urement by screening. There is a question, however, of how to de. 
termine size by screening. Hazen’s method of calibrating sieves isin 
most general use. It has given more consistent results at Chicago 

than the manufacturer’s rating. 
Some refinements on Hazen’s method, not new, but worthy of 
restatement, can be suggested. These are: 

1. A certain standardized weight of a “‘sieve calibration sand” con- 
posed of sand as nearly spherical as it is possible to obtain should be 
used. Thus we may most nearly approximate the correct size in 
using Hazen’s method of calibrating the diameters of the last sand 
grains passing the sieve as perfect spheres. 

2. At each laboratory a set time of screening should be adopted. 
It will not be possible to fix this for all laboratories due to variation in 
sieving equipment. But this time should be constant for each labora- 
tory, and the sample taken for calibration of sieve should be taken at 


“3. The sieve calibration sand should be preserved for future cali- 
brations, as its sieve analysis is now fixed by accurate measurements. 
DETERMINATION OF POROSITY 


Without doubt the method of determining porosity suggested by 
_ Hulbert and Feben is simpler and quicker than determination in the 
in bed. However, Chicago data show that it gives different results from 
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those obtained when the sand is placed in the bed. The Jackson tube _ 
of the test can be used if a definite relation between its result and actual 
porosity can be shown. It is further suggested that the Jackson tube 


Cosity. test be made at a fixed temperature, say 20 degrees Centigrade, as 
orkers, temperature has a slight effect upon porosity. > 
nent or 
fluid FILTRATION EXPERIMENTS f 
rt and Further tests on the 22 glass tube filters have been made to find y 
likely the effect of sand size on the filter runs. The data obtained are — 
uation convincingly consistent. They show that for Chicago conditions, — 
closely the clogging rate (or rate of increase of loss of head) varies inversely, e 
- with the square of the sand grain diameter. In making this study _ 
i several sizes from the one percent to the 30 percent size, were tried. 
For approximations, the 10 percent size is a good index of the rate a 
id sine, of increase of loss of head. The data upon which this result is based _ 
vorked are averages of not less than six months of actual operation, and some _ 
meas- of them include daily averages of two years of operation. 4 
to de- It may be coincidental that the rate of increase of loss of head de- 
a8 is in pends on the sand size in the same manner that the initial loss of head 
hicago is dependent on sand size. The writer regards it as a good indication _ 
that there is a definite connection between initial loss of head and 
thy of clogging rate. Perhaps further research will show other factors to — 


have the same influence upon clogging rate as ar have upon initial 
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PROGRESS IN WATER PURIFICATION 


Bat whe 
tilense, By GrorGEe W. FULLER 
(Consulting Engineer, New York, N. Y.) 


Substantial progress in water purification dates from 1829 when 
the Chelsea Water Company in London put in service a slow sand 
filter plant designed by Simpson. At that date there was nothing 
definitely known about the germ theory of disease or the transmis- 
sion of disease by water. Filtration was then aimed to correct the 
objectionable appearance of turbid water which was considered 
undesirable in the arts and manufactures and certainly no attention 
was given to its value as regards health. Progress was slow until a 
severe epidemic of Asiatic cholera occurred in 1849 when public 
health authorities first announced that drinking water was the chief 
means of transmission of this disease through pollution coming from 
those sick of cholera. An Act of Parliament in 1852 made compul- 
sory the filtration of all river water supplied the Metropolitan District 
of London after December 31, 1855. 

On this side of the Atlantic little consideration was given to filtra- 
tion prior to December, 1865, when the St. Louis Water Department 
instructed its Chief Engineer, James P. Kirkwood, to examine into 
the various means of filtration as practised in Europe and to make 
recommendations for the needs of St. Louis. The Kirkwood report 
on filtration was a classic. It was published in 1869, was translated 
into German in 1876, and for a quarter of a century was the leading 
guide on filtration practice through the descriptions it gave of the 
construction and operation of representative slow sand filters and 
filtration galleries then found in Europe. 

For convenience I shall divide the period following the early 
Kirkwood activities in this field in this country into four periods, 
each of about 15 years or a little longer in duration, as follows: 


2. Period of research and development................. 1887 to 1902 
3. Period of rapid practical accomplishments........... 1903 to 1918 


. Period of refinements and extensions................ 1919 to 1933 
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Naturally, these periods overlap in terms of the above designations 
given them but their use facilitates a concise recital of the main items 
of progress. 

1. EARLY BEGINNINGS, 1869 To 1886 


The Kirkwood report containing 176 pages of text and 30 plates 
descriptive of European plants, was a landmark in this branch of 
water works practice. It pointed out that the removal of mud and 
silt in subsiding reservoirs before the water reaches the filters reduces 
the cost and increases the efficiency of filtration. There was thus 
} forecast one of the important steps of purification that is still receiv- 
ing careful attention, namely, the adequate preparation of water 
prior to filtration. Kirkwood noted also that the efficiency of 
filtration could be enhanced by installing devices such as he proposed 
for controlling the rate of flow of water through the filters. 

The report of Kirkwood describes not only slow sand filters in 
England, Germany and elsewhere on the Continent, but also the 
natural filter galleries built in fairly porous material below the bed 
of neighboring streams and such as were found at various continental 
cities, particularly in France and Northern Italy. 

The Kirkwood report did not result in the adoption of filters at 
St. Louis where new works were shortly built and which included 
settling reservoirs but, as Kirkwood stated, ‘“The public mind of 
St. Louis, so far as it has been expressed, does not yet seem to con- 
sider filtration important.” However, two slow sand filters were 
built shortly after the Kirkwood report was issued and in line with it, 
namely, at Poughkeepsie and Hudson, N. Y. There were also quite a 
number of filtration galleries installed, particularly at Newark, N. J., 
Hamilton, Ont. and several other places. 

It is well to remember that at this time recognition of the needs of 
filtration and that means for measuring its accomplishments were 
on a very fragmentary basis. Progress soon became rapid due partly 
to the development by Koch of the germ theory of disease founded 
on the teachings of Pasteur and partly to the laboratory methods for 
cultivating and growing bacteria in accordance with the improved 
methods of Koch made public in 1881. The same investigator dis- 
covered the germ of tuberculosis in 1882, that of Asiatic cholera in 
1883. Gaffky also developed laboratory particulars as to the ty- 
phoid fever germ in 1884. In 1885 Percy Frankland began the 


bacterial analysis of samples of the London water supply before and 
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GEORGE W. FULLER 
_ $o-called mechanical or rapid filters had their beginnings in this 
country at industrial plants, chiefly paper mills, in order to remove 
sawdust and other coarse suspended matter. This general type of 
filter was first introduced for a municipal water supply at Somerville, 
N. J. in 1885. The plant included pressure filters with no facilities 
for the preliminary clarification of the water but use was made of 
alum, a patent for which was issued to Hyatt in 1884. 

These early beginnings in water purification may be suitably said 
to have been brought to a close in about 1886. This was the date 
when the Massachusetts Legislature reorganized the local State 
Board of Health and passed an act which put the control of the purity 
of inland waters of that state into the hands of that Board in a 
comprehensive way. At this period it is fair to state that there were 
comparatively few people informed or perhaps interested in pure 
water or in the advancing knowledge as to transmission of disease 
or as to laboratory procedures. In those days a relatively long 
period was required for the rapidly advancing views in the public 
health field to receive general acceptance even on the part of the 
medical profession. Naturally different schools of thought were 
publishing conflicting views and there was little unanimity of opinion 
except on the point that chemical analyses by themselves were 
inadequate in many cases for measuring the hygienic quality of 
water, particularly as related to epidemics which then unfortunately 
were frequent and severe. 

Upon looking back at the record of these early pioneer days in the 
field of water purification, the wonder is that progress developed as 
rapidly as it did. It is a tribute to the sound scientific training of 
workers in different fields and whose outstanding desire was to as- 
certain the truth. 


2. PERIOD OF RESEARCH AND DEVELOPMENT, 1887 To 1902 


In order to meet its duties as to control of inland waters the State 
Board of Health of Massachusetts set up a comprehensive organiza- 
tion as to experienced personnel in the fields of engineering, chemistry, 
bacteriology and biology. They arranged to have samples of the 
principal streams and water supplies of the state analyzed in Boston 
laboratories, at least once a month. Also they established an experi- 
ment station at Lawrence in which were secured various data that 
attracted attention throughout the entire world. The conflicts 
between different professional groups as noticed during that period 
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in Europe was notably absent in Massachusetts. This applied to 
the non-medical as against the medical workers and to the engineers 
as distinguished from the laboratory men. It is a privilege to be able 
to state that in my opinion great foresight was exercised by the 
organizers of the Massachusetts work through their insistence upon 
teamwork with coérdination and coéperation along all technical lines 
and having due regard for both installation and operation costs as 
well as the efficiency of purification facilities. 

The Lawrence Experiment Station was put in service in November, 
1887. It was in charge of Allen Hazen from the summer of 1888 
until March, 1893, when he went to Chicago to take charge of the 
water supply and sewage disposal facilities at the World’s Fair. It 
is interesting to note in the report of the Massachusetts Board for 
1888 reference to advice given to the City of Brockton as to the 
treatment of the local water supply. The conditions studied, partic- 
ularly as to the use of alum on the soft local water, indicate the 
caution that characterized the initial steps in the beginnings of the 
investigations which became such outstanding accomplishments in the 
field of water purification throughout the world and particularly on 
this side of the Atlantic. 

This was a period of severe epidemics of typhoid fever and of 
Asiatic cholera in various portions of the world. My own contact 
with European practice in filtration came as a result of a typhoid 
fever epidemic during the winter of 1889-90 in the eastern part of 
Berlin, then supplied with water by the original slow sand filter plant 
within the city limits and treating the polluted water coming from the 
River Spree. That occurrence caused great impetus to the study in 
various ways of the efficiency of water filtration. The same is true 
of the outbreak of cholera at Hamburg where the adjoining city of 
Altona had practically no cholera, due chiefly to the use of filters 
at Altona but not at Hamburg. It was the methods used by Piefke, 
the filtration engineer of Berlin, in his studies of his plant that 
attracted me to Berlin in preparation for my later work at Lawrence. 

Filtration activities in this country were also greatly stimulated 
not only at the Lawrence Experiment Station, but elsewhere due to 
German developments. It was the cholera patients, who were held 
_ in quarantine on German vessels in New York Harbor in the summer © 
of 1892, that caused appropriations to be made by the city of Law- 
rence to install the modified slow sand filter plant for the local water 
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From some angles progress seemed slow in purifying public water 
supplies in this country and yet we must bear in mind that public 
opinion had not been developed to provide ready support for sani- 

_ tary authorities. A period of uncertainty followed as to what 
was the wisest step to take in respect to several practical ways pro- 
posed at different localities for improving the quality of the water 
supply. In some instances they involved the installation of the 
See marginal or intercepting sewers to remove pollution from existing 
intakes or a relocation of the intakes. Chicago might be mentioned 


among this group. Others, like Newark and Jersey City, shifted to 
upland water supplies. Others, like Lowell, adopted ground water 
supplies. 


Rapid filters, chiefly of the pressure type, were installed at a 
number of places such as Atlanta, Chattanooga, Knoxville, Little 
Rock, Davenport, Denver and other sizable cities. At New Orleans 

such a plant was installed, but guarantees by the Filter Company as 

to capacity and other performances could not be met on account of 
_ the absence of means for removal of the large quantities of sediment 
_ in the Mississippi River prior to its filtrations. 
‘This was a period of uncertainty especially in the South and West 
_ where it was realized that the muddy and hard local river waters 
_ possessed many characteristics differing from the waters of New 
_ England and Western Europe. The soft colored waters of Massa- 
_ ehusetts did not match up with the analyses of waters distant from 
the Atlantic Seaboard. 

Next came a substantial series of thorough-going investigations 
_ that involved comprehensive work along engineering, chemical and 
Le : " bacterial lines leading to studies of the most reliable and economical 
-- means of purifying different types of water under different condi- 
tions. It is sufficient here to mention the investigations made at 
Providence, Louisville, Pittsburgh, Cincinnati, New Orleans, Wash- 
ington, etc. From these investigations certain fundamental prin- 

ciples were soundly developed; the principal one of which was the 

‘need of suitable preparation of the water prior to its filtration. The 

behavior of various coagulating chemicals was also worked out in a 
‘substantial way. 

The results of these researches are too well known to require further 

detail here but it is of importance to state that the investigations 

} _ during the last decade of the last century were related to pioneer 

ae _ work in many ways so as to permit the data from one place to be 


a2 
aes 
i 
1% 
> 
4 
: 


VOL. 25, NO. 11] PROGRESS IN WATER PURIFICATION 1571 


reasonably comparable with information obtained from other places. 
Laboratory methods or yardsticks for measurement of the quality 
of water were gotten underway in a coéperative manner beginning 
in 1894. 

From the business standpoint it is of interest to note that companies 
owning various patents relating to rapid filters made only limited 
progress in their installations during this period. That was partly 
due to uncertainty in the minds of water works officials as to suit- 
ability of accepting guarantees offered by the companies and partly 
to the competition between the companies, especially as related to 
litigation concerning the validity and infringement of the Haytt alum 
patent. The outcome of these patent suits and the competition 
coming from companies owning various apparatus patents depleted 
their working capital and led to a consolidation of the principal 
companies only a short time before the Hyatt patent expired in 
February, 1901. An attempt to recoup promptly the relatively 
great expenditures on patent litigation was another restricting item 
in the progress of the installation of proprietary filters under guar- 
antees as to efficiency and economies. 

In the early days of this century the creditable performances of the 
slow sand filters at Lawrence and Albany were well established. The 
outcome of the various investigations concerning the use of coagula- 
tion and reasonable preparation of water prior to passing through 
rapid sand filters was yet to be demonstrated at a large working 
plant. This information became available principally through 
experiences at the Little Falls plant of the East Jersey Water Com- 
pany which was placed in service in September 1902. That plant 
embodied to a large degree the outcome of the investigations at 
Louisville and elsewhere. 

This was a period when undoubtedly rapid strides were made 
from the standpoint of sound basic data needed for the design of 
modern water purification plants. With the expiration of the Hyatt 
patents there was an effort made to clarify views concerning the 
suitability and safety of using coagulating chemicals in the prepara- 
tory treatment of water by either type of filter. This phase was 
developed in a substantial measure in connection with public hearings 
conducted by a United States Senate Committee in an inquiry di- 
rected to the selecting of the method and site for water filters most 
suitable for the District’s supply at Washington. This hearing was 
held in New York City early in 1901. At this hearing and in papers 


r 
oa 
- 
~ 
r 
) 
, | 
‘ 
¢ 
al 
j 
‘a 
i 
4 
4 
a 
(ie 
6 


or reports furnished to the Senate Committee in that connection, 
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i, arying opinions were expressed by both medical and non-medical 


ee: ne interested in the field of water purification. Without doubt 


there was opposition of substantial proportions on the part of some 


_ prominent medical men of those days to the use of coagulants in 


% water purification. Engineers recognized that the Potomac River 
water might require coagulation at times in preparing it for slow 


sand filters. The medical view seemed to tolerate this step and 
considered it far preferable to using a coagulant regularly as required 
with rapid filters. 


3. PERIOD OF RAPID PRACTICAL ACCOMPLISHMENTS, 1903 To 1918 


This has been called the golden age of accomplishments in the 
_period of environmental sanitation and in which water purification 
played a very important part. The effect of these accomplishments 
of course is shown most clearly by the marked reduction in typhoid 
fever death rates which occurred in a large number of American 
cities during a dozen years or so prior to the World War. 

Practical accomplishments at Little Falls and elsewhere confirming 
the soundness of research data of the preceding decade led to the 
adoption of the rapid type of filter at many places, particularly 
where the unfiltered water was at times either very turbid or dis- 
colored with vegetable stain. Some of the larger installations of this 
type included those of the Hackensack Water Co. and at Louisville, 
Cincinnati, Columbus, New Orleans, Toledo, Grand Rapids, Minne- 
apolis, Baltimore, St. Louis and many smaller plants. 

Slow sand filters were adopted at New Haven, Indianapolis, 
Washington, Philadelphia, Pittsburgh, Toronto, Wilmington, ete. 

Double filtration was practised at Philadelphia, Montreal and 
some places embodying both the rapid sand filter and slow sand 
filter methods. The rapid sand filters serving as preliminary filters 
at some of these plants have been later used as ordinary rapid sand 
filters and not as preliminary filters. The motive in adopting double 
filtration was related largely to the opposition to the use of coagulat- 
ing chemicals. 

Patent litigation did not cease with the Hyatt alum patent but 
cropped up in several instances in respect to filter equipment. The 
policy position taken by owners of waterworks plants gradually 
eliminated the guaranteed performance of plants by proprietary 
companies. This led to engineers’ designs with the latter embodying 
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opportunities for optional bids on equipment by experienced filter 
companies. Thus the patent aspect gradually faded as a factor of 
practical importance in the field of water purification. 

During this period of some 15 years prior to the World War rapid 
strides in building numerous large filter plants was the outstanding 
feature of the period. Yet water purification practice continued 
to advance both as to basic design data and as to the practical art 
of taking advantage of these advances on a working scale. In noting 
these developments it is sufficient to list the following: 

1. Chlorination which began in 1908 at a filter plant in the stock- 
yards at Chicago for a non-potable supply was shortly thereafter 
applied to sterilization of the entire city water supply of Jersey City, 
thus setting a precedent for the later general adoption of chlorination. 

2. Better recognition of the value of adequate treatment of water 
prior to filtration. 

3. Recognition of the harmlessness of alum when applied under 
suitable laboratory control. 

4, The advantages of water softening by the lime or lime-soda 
method with plants installed at Winnipeg, Oberlin, Columbus, 
Grand Rapids and Defiance. 

5. The significance of corrosion of metals particularly as to condi- 
tions under which corrosion would or would not be bothersome, in 
other words the application of the new concepts known as hydrogen 
ion concentration. 

6. Need for keeping the pollution load upon filters within reason- 
able limits; that is, controlling the pollution in the water reaching 
the filters either by treatment of the domestic or industrial wastes 
reaching the raw water at the intake, or giving the water more 
complete preparatory treatment prior to filtration, or by both of 
these steps. 

At this point it is well to mention that some persons include in the 
expression ‘‘water purification” the treatment of sewage and indus- 
trial wastes and in fact all of those procedures related to river cleans- 
ing. In this paper, however, we are restricting water purification 
to those steps included among the water plant’s own facilities. 

In closing this period characterized by the construction of many 
filter plants it is important to recognize the coéperation that has 
been developed between water departments and health authorities. 
During this period there were developed (1914) the first U. S. Public 
Health Service standards for quality of water used by interstate 
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Poe carriers (revised in 1922). Generally there has also been a progressive 

- recognition of the importance of efficient management. In some 
states this now goes to the extent of having filter plant operators 
Tieensed. 


4. POST WAR ACCOMPLISHMENTS, 1919 To 1933 


: This has been a period of refinements in purification processes and 
extension of plants to types of water supplies which did not quickly 
come in line with the advances in the art at the beginning of the 
century. These include supplies that previously had been settled 
and coagulated in relatively large basins but which were not earlier 
filtered. They include supplies like those at Kansas City, Nashville 
and Richmond. Another group of plants where purification has 
been adopted with substantial advantage has been ground water 
_ supplies containing iron and manganese. This is of course not a 
novel feature in the art of water purification but its wider adoption 
has been one of the post-war accomplishments. 
7 ore It is particularly important to point out the progress made in 
_ purifying water supplies for cities using the Great Lakes water as a 
- gource of supply. Prior to the war Montreal and Toronto had 
_ adopted filtration, but it was not until after the war that the entire 
lake supplies for Buffalo, Cleveland and Detroit were filtered. 
Without mentioning smaller cities on the Great Lakes system it is 
interesting to note the activity now associated with the development 
of filter projects by the cities of Chicago and Milwaukee. It also 
may be noted that Toledo for some time has been considering trans- 
_ ferring its source of supply from the Maumee River to Lake Erie. 
Those who are interested in the design, construction and operation 
of filters will recognize at once that the post-war period has led to a 
- eontinuance of careful study of many items related to basic design 
_ data and to refinements in procedures for satisfactory operations. 
A list of items of more particular importance include the following: 
1. Mechanical appliances for the continuous removal of silt and 
_ heavy sediment in basins, replacing the older intermittent cleaning 
operations. 
2. Mechanical appliances for prompt and more complete floccula- 
tion of the water, prior to settling for filters. 
3. More complete preliminary clarification of water prior to 
filtration. 
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4. More completely controlled and adequate use of chlorination 
including pre-chlorination in connection with the use of ammonia; 
double chlorination; and in a limited number of instances also super 
and de-chlorination. 

5. The development of new procedures for controlling odors and 
tastes in the effort to make their control as dependable as that 
for removal of turbidity, color and bacteria. These developments 
relate particularly to modifications of chlorination practice by the _ 7 
supplementary application of ammonia and to the use of activated aes 
carbons, both of which procedures now find extensive application. __ 

6. Correction of corrosion difficulties with further studies of 
laboratory procedures for keeping control of the chemical balance of ee ie 
the constituents in the water as delivered to the consumers, especially __ ch, 
the calcium carbonate. The hydrogen-ion concentration has been we — 
more carefully watched. Addition of lime to filtered water to lessen 
corrosion has been applied scientifically at Baltimore, Hyattsville, 
Norfolk, etc. Caustic soda has been added at Charleston and by the 
West Virginia Paper Company, while soda-ash is employed else-— 
where. Sodium silicate has also been added to lessen difficulties 
with corrosion. 

_ 7, Aeration has been used to a greater extent than hitherto—when 

it was related mostly to large impounding reservoirs. More re-— 
cently it has been used as effluent aerators at Providence and West — 

Palm Beach for removal of carbon dioxide. 

8. Considerable progress has been made with softening which is 
increasing in popularity. Re-carbonation is now generally practiced __ 
in connection with lime softening. There are several municipal _ 
supplies softened by zeolite. . 

9. Filters now are used to supply purified water to about 31,000,000 
persons, with an output of about 3800 million gallons daily. 
In closing this brief summary of progress in the field of water __ 
purification it is important to recognize that great accomplishments fs ie 

have been made in this country during the past thirty years, partic- 
ularly since the beginning of this century, and that water purifica- __ 
tion now is widely recognized as an important feature of waterworks = ee) 
practice. This is true not only as regards the desirability of provid-— 

ing a clean, attractive water supply that does away with the need of | 

citizens for using bottled waters or waters of doubtful quality, but = 

it is also a fact that the influence of water purification on the public 
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health has been an outstanding factor in reducing death ra 
this country. However, the field has not been covere 
or as thoroughly as should be the case. Typhoid epidemics still 
occur and there is still work to be done by those engaged in this field. 
In particular the battle against tastes and odors is not yet won. 
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INDUSTRIAL WATER PURIFICATION RESEARCH 


“(Consulting Chemical Engineer, Baltimore, Mad. 


The legitimate motive for the inauguration of any industrial re- 
search project is the inadequacy of fundamental data for further 
developments in the art. Without such a motive it is difficult to 
secure interest or necessary financial assistance to carry on such work. — 


The successful promotion and development of coéperative research ; ie 
depends, therefore, upon (a) the urgency of the problem, (b) the —> 


anticipated return upon the investment required and (c) the intelli- 
gence of the research directors and workers. In addition to these 
conditions the desired data should indicate a solution of the problems 
encountered. 

This Association from its inception has taken a leading part in 


promotion of water purification and allied tasks, involved in providing _ - 


adequate water supplies to municipalities. It is only within recent 
years, however, that water has been considered as an engineering 
material and that the conditioning of water for industrial uses, as a 
chemical engineering problem. The recent trends in all forms of 
industrial development and expansion has crystallized this viewpoint 
and has clearly demonstrated the necessity for constructive research 
to cope with exacting conditions resulting from such development. 
Water purification processes satisfactory for municipal use, are fre- 
quently wholly unsuited for many industrial processes. It is un- 


reasonable and thoroughly impractical to expect a private or munic- _ 


ipally owned water company to supply water to any community 
which will be satisfactory for the great variety of industries within 
the confines of the municipality. All that may be reasonably ex- 
pected is that the treatment of the public supply will not impose 
undue burdens upon the industrialist in attempting to provide a 
satisfactory water to meet his specific requirements. This is anal- 
ogous to supplying the raw material which must be further processed 
to comply with a desired set of specifications. If the public water 
supply is comparable in purity to other raw materials, the responsi- 
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bility of a water company has been fulfilled. Beyond this, the prob. 
lem becomes an individual one. 

The processing of water to meet these refinements has been given 
much attention in the past five years, largely through the interes 
and vision of this Association. One of the most important water 
conditioning problems is the preparation of good water for boilers, 
The recent trends toward high pressures and temperatures in steam 
generating units and steam turbines have imposed critical conditions 
on generating stations and industrial plants in the quality of water 
and steam supplied to such equipment. The Boiler Feed Wate 
Studies Committee was initiated in 1927 largely through the suppor 
of this group. The project was undertaken primarily for the pur- 
pose of conducting research and to secure essential data for solving 
many perplexing problems in this field. This Committee is now 
sponsored by six of the major engineering societies through whose 
coéperative effort research fellowships have been established at the 
University of Michigan and Ohio State University. This year a 
third research program was inaugurated at the Non-Metallic Station 
of the Bureau of Mines, New Brunswick, New Jersey. In addition 
to these a number of private corporations are conducting private 
investigations on similar projects. 


BOILER EMBRITTLEMENT RESEARCH 


The embrittlement of boiler steel is the effect of chemical ‘attack 
of the metal under conditions of stress. This condition is greatly 
accelerated by high concentrations of caustic soda and relatively 
low concentrations of sulphates in the boiler water salines. The 
failure of the steel occurs in areas of greatest stress, namely, in rivet 
areas and under some conditions at tube ends where the tubes are 
rolled into the tube sheets. Extensive research on the subject has 
been carried on at the Massachusetts Institute of Technology, the 
University of Illinois and by private boiler manufacturers in this 
country. Similar investigations are still in progress in Great Bri- 
tain and Germany. All cracks in boilers are not due to improper 
working conditions, but where cracks develop their cause should be 
definitely allocated and the condition thoroughly investigated. 

The prevention of embrittlement of boiler steel is effected by the 
maintenance of specified ratios of sodium sulphate to the total 
alkalinity of water, but the mechanism of the protective action is 
still somewhat vague. In order to acquire further knowledge on the 
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subject, a research project has been inaugurated at the Non-Metallic a 
Station of the Bureau of Mines. Initially this study will be limited __ 

to securing data on the solubility of salts in boiler water salines and ee 
the tendency to form continuous films or coatings under boiler 


operating conditions. This investigation is largely a study of ee i 


solubility equilibria and is an effort to determine the protective a 
action against corrosive attack of the metal resulting from such films. og 
There is still some controversy among the engineering profession a 
concerning this type of failure, but there is reasonable assurance ay e 
that this characteristic form of cracking of boiler steel will not occur Bile _ 
in properly fabricated boilers if proper water conditioning is pro- am 
vided. Later research may demonstrate that protection of boiler a 
steel may be effected by treatment other than the maintenance of 
the proper sulphate-alkalinity ratios as recommended by the Boiler 
Operating Code of the American Society of Mechanical Engineers. 
There are still, however, too many factors yet to be determined to 
encourage one to recommend departure from assured protection. a 
The solution of this problem is so relatively simple, that with our fis. 


knowledge on the subject, there is now little excuse for such failures. = 


Notwithstanding this fact embrittlement of boilers continues to 
occur. An official of one of the large boiler insurance companies, 
within the past month, confirmed the writer’s experience as to the 
magnitude of this problem! stating that: 


The large number of defective boiler seams discovered by our inspectors is _ i 
eally alarming and in the great majority of cases the boiler has been operated __ 


exerting our best efforts to impress upon the boiler users that attention should vn 
be given to their feed water treatment by someone having a definite and q Cie 
thorough understanding of that problem. Furthermore, we urge that the a oe: 


matter be given immediate consideration; not be delayed until seam difficulty 
is discovered. It then may be too late. 
In 1925 we advised the operator of a large paper mill that the feed water he _ 
was using from deep wells in a district which had not previously been charted = 
and containing water naturally high in sodium carbonate, was likely to cause 
caustic embrittlement. The use of the water was continued, and up to date 
we have retired three boilers permanently from operation and found it neces- 
sary to recommend the rebuilding of five others. 


Within two years the writer has discussed four cases of boiler | 
embrittlement requiring repairs and renewal of boiler equipment 
to the extent of more than two hundred thousand dollars. td 4 hase 


A private communication. 
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t some time with an incorrect sulphate-carbonate alkalinity ratio. Weare _ = 
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SHEPPARD POWELL [J. A.W. Wea 
_ The destruction of steel by embrittlement is insidious and fre. 
quently, when discovered has advanced so far as to require abandon. 


ment of the boilers. If caustic action is limited to the rivet holes 
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Fie. 1. Diagram oF THE IMPROVED Rivet Houe Periscope 
eh eee (Designed by Assistant Chief Engineer Morrison of the Hartford Steam 
Boiler Inspection and Insurance Company) 
. Rivet hole is illuminated by a beam froma flashlight held by an assistant 
on the side of the shell opposite the inspector. By revolving the periscope 
and moving it in an endwise direction,the inspector is able to examine the en- 
surface of hole magnified 22 times. 
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2. Hartrorp MaGniscork. AppaARATUS USED IN PHOTOGRAPHING 
Cracks IN METAL at RIVETED AREAS OF BOILERS 


This diagram shows how the Hartford magniscope is rigidly mounted in a 
rivet hole by means of a threaded sleeve and clamp nuts. The sleeve has an 
aperture through which the eye of the magniscope sees the surface of the hole. 
The camera rests on a bracket which affords accurate alignment. 


and discovered in time, the rivet holes may be reamed out and over 
sized rivets used. Characteristic embrittlement, shows fine hair 
. cracks radiating into the metal from the periphery of the holes. 
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In advanced stages continuous cracks will occur from one rivet hole 
to another. Sometime these cracks will proceed for the entire 
length of the riveted sheet. To determine the extent of the damage 
without dismantling the boiler drum requires much experience. 
J. P. Morrison, Assistant Chief Engineer of the Hartford Steam 
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Fig. 3. MeTHop oF EXAMINING AND PHOTOGRAPHING CRACKS IN METAL IN aad 
RivETED AREAS OF BorLeRS BY MEANS OF A MAGNISCOPE led 
Top, locating a crack; center, micro-photographing; bottom, the photograph ow 
Boiler Inspection and Insurance Company has designed an ingen- 
ious periscope (fig. 1) for examining rivet holes. The rivet hole is ey 
illuminated by a beam from a flash light held by an assistant on the a 
side of the shell opposite the inspector. By revolving the periscope La 
and moving it in an endwise direction, the observer is able to examine ‘4 
the entire surface of the metal surrounding the rivet hole at a magni- % 
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fication of 22 diameters. More recently the apparatus hag beep 
improved by the inventor and it is now possible to make microphoto- 
graphs of the metal indicating the position and extent of the cracked 
section. This apparatus is termed a ‘‘magniscope’’ and has proven 
very effective for demonstrating the existing conditions and furnishing 
a permanent record of the injured metal. This apparatus is egsep- 
tially a magnifying camera which permits photographing the metallic, 
surfaces of the perifery of the rivet holes without dismantling the 
boiler. The apparatus includes a bracket on which a camera ig 
mounted so as to focus on the eye piece of the magniscope portion 
of the equipment. The surface to be photographed is illuminated 
either by means of a small electric lamp fixed at the end of the 
magniscope, or by a larger lamp so placed as to illuminate the rivet 
holes. A diagrammatic sketch of the magniscope and method of 
mounting is shown in figure 2. Figure 3 shows the method used in 
identifying and photographing cracks and also a microphotograph 
of a cracked section of the metal. 

hole 28 

BOILER SCALE RESEARCH 


ntensive operation of steam generating units has introduced 
many scale problems which formerly were of little or no consequence. 
A certain amount of scale may be deposited on heating surfaces 
without creating critical conditions, provided the deposits do not 
result in localized overheating of the metal. Whether or not deposi- 
tion of scale will cause serious operating problems depends upon the 
type of scale formed, the circulation of water in the boiler and the 
rate of steam generation per square foot of heating surface. With 
designed rates of total heat input up to 100,000 B.T.U. per square 
foot of heating surface per hour in modern boilers it becomes impera- 
tive that all scale forming solids must be removed from the water. 
Recent experiences have demonstrated that certain scales of from 
0.03 to 0.10 of an inch thick will cause boiler tubes to fail under 
critical operating conditions. 

The deposition of boiler scales is primarily a function of the solu- 
bility of salts at elevated temperatures. Although there are many 
data in the literature on the solubility of salts in aqueous solution at 
relatively low temperatures, little similar information is available 
for temperatures above 500°F. The necessity for such investigation 
is now apparent and seale control in high pressure boilers will con- 
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tinue to be difficult until such data are available to indicate control 
procedure. The solubility studies now in progress at the University 
of Illinois under the direction of Prof. F. G. Straub and financed 
by the Utilities Research Commission are the most elaborate and 
constructive solubility studies that have been undertaken in this 
field. Similar studies at the New Brunswick Station of the Bureau 
of Mines, the investigation now in progress in Germany and several 
private studies, should greatly increase our knowledge concerning 
the mechanism of scale formation. Scale formation research has 
indicated that chemical analysis of boiler scales is an inadequate 
procedure for identification of the structural composition of such 
deposits. This type of analysis serves a useful purpose for deter- 
mining the various constituents present in the deposit under exami- 
nation, but beyond this, little accurate information is gained. It is 
difficult, from only a chemical analysis, to determine the density or 
porosity of a deposit, the exact mineralogica) classification of the 
mineral or other essential information relating to its formation, 
structure or physical properties. Chemical analyses of boiler scales 
are useful primarily for determining the presence of various elements 
or as a supplement to other physical or petrographic data. 

The use of the petrographic microscope for examination of boiler 
scale deposits is an invaluable asset for determining, not only the 
structural formation of such deposits, but reveals many other char- 
acteristics indicating the rate of deposition and conditions responsible 
for such deposits. Since boiler scales are analogous to many 
minerals occurring in nature it is logical that their identification 
may be made by means of petrography. This is a systematic and 
descriptive side of the study of rocks, and is a common procedure 
in all mineralogical laboratories. Petrographic analysis is particu- 
larly adaptable to the study of boiler scales, since it makes possible 
not only accurate determination of the substances deposited, but 
reveals the presence of concurrent deposits and material occluded 
with the major crystal formation. These refined methods are now 
used to assure more accurate identification than was formerly 
possible. 

An interesting type of boiler scale was recently identified by this 
method, the exact structure of which is not generally recognized. 
This scale was an analcite, a silicate of the zeolite group. The 
temperature of the water, from which this scale deposited, was 550°F., 
but the temperature of the tube wall was undoubtedly much higher. 
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-Analeite occurs frequently in regions where volcanic action has 
occurred and is occluded in fissures and cavities in lava. The exact 
composition varies with temperature conditions existing during 
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Fig. 4. MicROPHOTOGRAPH OF A THIN SECTION OF ANALCITE SCALE SHOWING 
DoMINANT TRAPEZOHEDRAL Faces. MaaGNiFicaTion 100 DIAMETERS 
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Fig. 5. MickopHoTOGRAPH OF A THICK SECTION OF ANALCITE BOILER SCALE 
PARALLEL TO SurRFAcE OF DeEposiTION OF ScALE, SHOWING ORIENTATION 
oF SuBMIcROSCOPIC IMPURITIES AT INTERSECTION OF CRYSTALLOGRAPHIC 


he © 


ha 
i 
34 3 
a 
| 
i ; 
{ 
te 


vob. 25, NO. 11] INDUSTRIAL PURIFICATION RESEARCH 1585 


Under high magnification an analcite deposit shows well defined 
faces of typical cubes and trapezohedrons. When the solution from 
which the crystals deposit is highly concentrated alkaline solution 
the crystals form trapezohedrons and under other conditions cubes 
are deposited. Microphotographs of thin sections of these inter- 
esting scales are shown in figures 4 and 5. The structural difference — 
between these deposits and phosphate scales is indicated by compar- 
ison of the microphotographs of the latter deposit shown in figure 6. me: 
Although the petrographic microscope for study of boiler scales is 
still limited to a few research laboratories, its use will ay 2 
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Fic. 6. MicRoPHOTOGRAPH OF UPPER SURFACE OF PHOSPHATE SCALE. MAGNI- 
FICATION 100 DIAMETERS 


increase rapidly, since it reveals structural features of deposits — 
which could not be obtained by other analytical procedure. 


STEAM PURIFICATION 


One of the most difficult conditions to control in boiler operation : 
is to prevent water and solids from leaving the boiler with the out- 
going steam. Research is now in progress in this country, in Great “a 5 
| Britain and in Germany to devise means to produce clean steam. i: = 
It is a relatively simple matter to inhibit gross priming and foaming ey 
of boiler water, but the delivery of steam containing less than 4 or 5 ee 2 
| p.p.m. is extremely difficult. Steam containing as little as one part ty 
per million may be highly objectionable in the operation of high — : 
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pressure turbines and deposits on turbine blading resulting from 
contaminated steam even in such small amounts incurs heavy 
financial losses in a relatively short time. If the solids deposited are 
soluble in water they may be removed by de-superheating the steam 
or by washing the turbines with hot water. Even under thege 
favored conditions, the solution of the problem is relatively costly, 
Where silicate and other non-soluble scales are deposited their removal 
constitutes an operating problem of considerable magnitude. 

The constructive researches of Prof. C. W. Foulk at Ohio State 
University, Dr. Heinrich Vorkaug in Germany, Joseph and Hancog 
in England and others have thrown much light on this subject, but 
the complete solution of the problem is still lacking. It is doubtful 
if any form of water treatment will be able to assure perfectly clean 
steam and this may only be accomplished by means of supplementary 
removal of solids by scrubbing of the steam with clean water. Ap- 
paratus for such service is now available and relatively satisfactory 
results have been secured in a number of installations. One of the 
serious difficulties encountered in determining the efficacy of various 
forms of treatment of steam purification equipment is the inadequacy 
of test procedure. Up until the present time no completely satisfac- 
tory method for determining the presence of small amounts of solids in 
steam has been available. The only test method approaching the 
desired degree of accuracy is by determining the conductivity of the 
condensed steam. This method, although relatively accurate, re- 
quires rather elaborate testing equipment and considerable experience 
to produce comparable results. Further research in this field is 
required and there is little hope of solving this problem in a practical 


way without more data. 7 


METHODS OF WATER ANALYSES 


The interpretation of analyses of steam and feedwater for high 
pressure stations is frequently confusing owing to the lack of ac- 
curate data. Current analytical procedure, although satisfactory 
for ordinary water tests, is not sufficiently accurate for the type of 
control necessary in the operation of high pressure boilers. This 
condition must be apparent when it is realized that silica and other 
mineral constituents in the supply must be determined in amounts 
less than a part per million. In the case of dissolved gases, partic- 
ularly dissolved oxygen, much greater accuracy is required. The 
need for improved analytical procedure has been responsible for the 
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existing research project at the University of Michigan financed by a 
the Joint Boiler Feed Water Studies Committee. As a result of the 
work a number of analytical methods have been revised to assure the 
collection of data sufficiently accurate for control requirements. _ 
This work has already resulted in the development of a number of pa 


improved control procedures of the greatest importance. 
we 


DISCUSSION 


C. R. KNow.es (Superintendent Water Service, Illinois Central of 
System, Chicago, Ill.): As stated by Mr. Powell this Associationfrom = 
its inception has taken a leading part in the promotion of water | 
purification. As a result of this research and development Amer- _ 
jean water supplies lead all others in purity and safety for municipal _ 
use. 

The railroads of this country have been recognized as among the 
leaders in the treatment of water for boiler use. They have had | 
many problems to face in providing water supplies for locomotives _ 
and other requirements. The manner in which these problems _ 
have been met under many difficult conditions is a striking illustra- _ 
tion in the colorful and commanding records of railway progress and 
accomplishments. This record is rich with the experiences, mistakes _ 
and resourcefulness of railway men and with the telling effects of _ 
intensified research by engineers, chemists and manufacturers. The 
more efficient use of locomotives is one striking illustration of the 
progress which has been made by the railroads in recent years 
resulting in locomotive runs of one thousand miles or more as com- 
pared with one hundred miles a few years ago and with locomotive 
boiler failures almost unknown. The technical improvements made 
throughout the ramifications of railway water service are responsible 
in a very large measure for this improvement in railway operation. 

The conditioning of water for industrial uses is usually considered 
of secondary importance to its purification for municipal use. At 
the same time there has been progress in the softening of municipal 
water supplies. In many, perhaps the majority of cases, the in- 
dustrial demand for water is far below that for other purposes, and 
where softening of water is solely for the benefit of industrialists it is, 
of course, unreasonable to expect the water company to provide 
such treatment without regard for the majority of users. 

It will be found, however, that it is not alone the industrialist 
who is benefited by water softening, but every householder as well, 
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as the softening of public water supplies in nearly every case jg 
justified by the saving in soap, aside from the benefits to industria] 
users. Other factors which justify the conditioning of water from 
an industrial standpoint to a greater or less extent are its effect upon 
plumbing fixtures, pipe lines and hot water systems. ‘This is eyj. 
denced by the many individual softening plants installed by house. 
holders and others for the purpose of overcoming the impurities jp 
water supplies which result in corrosion and the formation of scale, 

Not the Jeast among the subjects for careful research by this 
Association is the development of coagulating agents that will ten( 
to soften rather than increase the hardness of municipal supplies, 
While it is not the intent to depreciate in any way the proper treat- 
ment of water to improve its quality for municipal use, at the same 
time many of the present practices in this respect place a double 
burden upon the industrial user as he naturally has to pay his pro- 
portion of the expense of introducing elements into the water that 
make it more unfit for industrial purposes. 

Despite the advances that have been made there is a widefield 
for further research in municipal water softening. Such research is 
fully justified by the three phases upon which Mr. Powell hinges the 
successful promotion and development of codperative research, 
namely, the urgency of the problem, the expected return on the invest- 
ment required and the intelligence and integrity of the research 
directors and workers as represented by the membership of this 
Association. 
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THE WORK OF THE STATE SANITARY ENGINEER 


(Director, Division of Sanitary Engineering, State Department of 
Health, Charleston, W. Va.) 


With the evolution of public health we have witnessed the estab- 
lishment in every State Health Department of a unique creature 
known as the state sanitary engineer. He has a close and vital con- 
nection with every water works engineer and a coéperative program 
between state and city has brought typhoid fever in the cities of the 
United States to a low point. C. F. Drake in ‘“Typhoid Goal,” a 
classical analysis of typhoid on a world-wide scope, presented before 
the West Virginia Conference on Water Purification, October, 1932, 
showed that nearly all the large cities of the United States had ty- 
phoid death rates well under 5 per 100,000, but he also emphasized 
the fact that the state sanitary engineer must expand his sanitation 
control program still further in rural and small town areas. Typhoid 
inoculation is only a stop-gap and only a state-wide sanitation con- 
trol will make typhoid fever a disease of the past. 

Speaking in public health terms, the sanitary engineer in state 
life appears to have a relatively low mortality. When he and his 
corps of workers establish themselves in a state and become linked 
up on a constructive program with the water works profession, with 
those forward looking forces in a state which favor, safe sewage dis- 
posal, adequate recreational sanitation, sane industrial and domestic 
sewage wastes disposal, proper operation of milk pasteurization 
plants, their work in behalf of the state goes forward steadily. The 
longevity of the state sanitary engineer is exemplified by the span of 
almost 50 years service of Frederick P. Stearns and X. H. Good- 
nough in the Massachusetts Health Department from 1886 to 1930. 
State engineers with more than two decades of service are: Ehlers, 
Texas; Messer, Virginia; Rich, Michigan; Holmquist, New York; 
Waring, Ohio; Wolman, Maryland; and Whittaker, Minnesota. 
Many others have served nearly as long. 

The fact that tenure of office has been rel: 
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1590 88 E. S. TISDALE (J. A.W. Wo A, 
one of the reasons for the effectiveness of the state sanitary engineers calT 
*) = In practically all cases state engineers have kept entirely cont 
clear from any political affiliations so that their work, being technical, enlis 
has proceeded smoothly, though the State Health Department head ance 
has changed often. The engineers come to know the water works tion 
men personally, they render emergency service to them in time of T 
need, a chlorinator here, an emergency service to eliminate tastes gati 
_ there, a conference with industrial groups to plan ways and meansto __ ente 
— eliminate industrial wastes pollution elsewhere, they also become of | and 
service to legislative committees drafting new laws to meet growing — pro] 
sanitation demands of the state; in fact, they function as the state | ery 
technical advisor on all matters where public health and water, milk, — by 
sanitation, sewage, malaria, ventilation, industrial hygiene, stream sew: 
pollution, industrial waste disposal questions arise. gral 
The various professional and industrial groups come in time to one: 
recognize the economic value of the services rendered. Tenure of of, § 
office has been perhaps the chief factor which has allowed the state R 
sanitary engineers to know and understand one another, their poli- tent 
cies and objectives. It has made possible, effective stream pollution call 
control in the Ohio River Basin, which in turn has made unnecessary, con 
federal laws and federal administrative bodies to carry out a federal ach 
stream pollution control program. These engineers are rapidly mov- hop 
ing ahead state sanitation which Geo. C. Whipple defined as ‘“‘the eco! 
efforts which state governments exert to prevent insanitary and un- and 
cleanly conditions of human environment which tend to impair the life 
health or are prejudicial to the comfort of the people.’’ a ot this 
SANITARY ENGINEERING SERVICES—ARE THEY VITAL! | 

A hysteria for economy calls for the curtailment or elimination I 
of governmental services. Has the significance of the mass-preven- eng 
tive-disease functions of the state sanitary engineer dawned upon Pul 
public officials, does the water works profession realize the ally they wai 
possess in this public health servant among you. No less an author- int 
ity than Sir Alexander Houston has called to the attention of the Fre 
public of England and America, the vital importance of eternal vigil- res 
ance in the operation of water purification equipment to maintain safe em 
water in our public water supplies. Millions of people may be af- tar 
fected by one fatal slip or by the lowering of standards of operation one 
which state engineers try to hold high. Abel Wolman commenting pre 

upon the Hanover and Montreal typhoid epidemics said: ‘“‘They 
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carry a,moral. They serve as a warning of our human frailties in 
control of our water and food supplies. Epidemics of enteric fever in 
enlightened countries do not vanish. They are merely held in abey- 
ance by the most rigid control of the source, treatment and distribu- 
tion of these supplies.” 

The sanitary production of milk and its safeguarding by pasteuri- 
zation has only obtained a fair start in America. The high infant 
enteritis rate and infant mortality testify to this. Just when federal 
and state sanitary engineers are getting teamed up to bring about 
proper milk control practices throughout America, shall the machin- 
ery quit functioning. We are getting sanitary districts inaugurated 
by enacting carefully planned legislation, building and operating 
sewage disposal plants efficiently and setting up codperative pro- 
grams of stream pollution control with industry. When less than 
one-fourth of the sewage wastes of American cities are safely disposed 
of, shall the work come to a standstill! 

Recreational sanitation demands state-wide attention by compe- 
tent administrators as the leisure time of the great masses increases, 
calling for public swimming pool supervision, roadside and camp 
control and improved rural sanitation. A few of the outstanding 
achievements of the state sanitary engineers are mentioned with the 
hope that it will call out common sense in guiding the various state 
economy programs. Keep in mind that it is possible to be penny wise 
and pound foolish. Carefully consider the conservation of human 
life and your natural resources before you apply the pruning knife to 
this branch of state government. 
THE JOINT FEDERAL AND STATE PROGRAMS 

In the early days of state sanitation few states possessed sanitary __ 
engineers. The few federal sanitary engineers in the United States 
Public Health Service charged with the duty of supervising drinking 
waters used on railroads, operating in all states over the country in 
interstate traffic, found glaring deficiencies in public water supplies. 
Frequently dramatic typhoid fever epidemics focused on this lack of 
responsibility by the state over public water supplies and in the 
emergency, the federal service would loan to a state, a trained sani- 
tary engineer until the worth of the service was demonstrated. So, 
one by one the states added this activity to their armamentarium to 
prevent disease. Now over this broad country we find a federal 
sanitation service, supervising the ports of the country to prevent 
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0 plague entering, demonstrating and assisting the southern states on 
p mosquito-malarial control, investigating stream pollution control on 
@ the inland streams, and closely coéperating with the state Sanitary 
h engineering services on pure water and safe milk control. 
h At each State Capitol is the headquarters of the state sanitation 
service practically in daily and weekly touch with the management 
n of the specialized water purification equipment. H. W. Streeter, in 
t his water works census of 1932, states that these plants take ray 
é water from polluted streams and, by 3015 well designed filtration 
si plants operating under trustworthy trained personnel, send daily to 
58 million people in 48 states 7,192 million gallons of safe, potable 
t drinking water. These 3,015 water filtration plants and chlorine 
a disinfection units are brought into a homogeneous network under 
yi state supervision. To bring about this control has taken years of 
patient teaching and demonstrating and advising by the state sani- 
tary engineer. The federal engineers engaged on sanitation public 
health services are closely linked up with the state sanitation de- 
ts partments through the Conference of State Sanitary Engineers, a 
_ ¢learing house for the state and federal services operating under R. 


E. Tarbett, Chief of Engineering Section, United States Public 
Health Service, who acts officially as Secretary of the Conference. 


Stren? 
ing aif 
The late George C. Whipple addressing our 1921 Conference at 


-_ Boston on “State Sanitation,” gave freely from his wide experience 
and he warned that ‘Good advice by the sanitary engineer to cities 
yond towns in the state, is on the whole more beneficial than all the 
permits, approvals and orders ever issued by a department.” | 
think it is upon this basis that the Annual Water Schools and Con- 
ferences organized usually under the direction of the Sanitary En- 
gineering Division of a state, have reached such a broad field of useful- 
ness, linking up every agency for safer water supplies in that state and 
educating water works operators as to the high order of responsibility 
resting upon them. 
P For twelve years the State of Ohio, one of the first to start this 
educational method, has used this means of bringing together the 
water works groups, the State University and the State Health De- 
__- partment engineers and consulting engineers to get better acquainted, 
to exchange experiences in the field of water purification, and to un- 
dertake and report upon research projects. Sanitary Engineers W. 


STATE ENGINEERS AND THE WATER WORKS SCHOOLS 
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H. Dittoe and F. H. Waring in Ohio, who have directed work in 
Ohio for nearly 25 years, have put this program ona high plane. It is 
becoming a standard practice in nearly every state to use this educa- 
tional device to make more effective the advice which Prof. Whipple 
gave our group in 1921 at Boston. 

The Manual of Water Works Practice brought out by the A. W. 
W. A. under the editorial guidance of Abel Wolman, Maryland’s 
sanitary engineer, has been of great service in standardizing water 
purification methods and been of wide use in getting better known 
the worth and accomplishments of the A. W. W. A. 


INDUSTRIAL WASTES CONTROL BY RIVER BOARDS——A NEW PRINCIPLE 
IN AMERICA 


It has been claimed that in America we try to correct every evil by 
devising and enacting a new law. That this has not been the method 
of approach of the state sanitary engineers in dealing with stream 
pollution control in this country, will be evident from a brief review 
of the successful operation of the Ohio River Board of Engineers 
over a period of a decade. In this connection the state sanitary en- 
gineers of the eleven states on the Ohio River watershed, under the 
leadership and inspiration of the late John E. Monger, former Health 
Commissioner of Ohio, carried out a comprehensive control plan for 
effectively ridding this stream of the nauseating phenol wastes from 
the by-product coke plants which threatened destruction of the water 
plants in the Ohio River Basin. This principle of states codperating 
to solve a problem which the water works man himself is powerless 
to handle, indicates the importance of water works superintendents 
keeping a close tie-up with the state sanitary engineer. If detri- 
mental stream pollution is taking place in a state up stream from 
the water works intake, the two state engineers must work out the 
solution and this has been done coéperatively many times on the 
Ohio River watershed. 

The origin of the Ohio River Board of Engineers which set up prac- 
tical control measures to free the Ohio River from troublesome phe- 
nol, came in 1924 when Health Commissioners J. E. Monger, Chas. 
H. Miner and W. T. Henshaw of Ohio, Pennsylvania and West 
Virginia respectively, met in Pittsburgh, signed the first interstate 
stream conservation agreement between Health Departments in 
this country and turned over to the Ohio River Board of Engineers 


composed of Sanitary Engineers F. H. Waring, W. L. Stevenson and 
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E. Tisdale of these same states, the task of codperating with each 
= other and with the steel industry, thus working out the practical 
details of trade wastes control. Under the diplomatic direction of 
¥- __-'W. L. Stevenson, Pennsylvania’s state sanitary engineer, and with 


F. H. Waring, Ohio’s engineer as secretary, this river board has grown 
in 10 years time until it embraces 11 states on the watershed and it 
has not only solved the phenol pollution on the Ohio, but it has set in 
motion the wheels for coéperating with the United States Public 
Health Service sanitary engineers on stream pollution at Cincinnati, 
A joint school on stream pollution control held at Cincinnati for 
four years under Sanitary Engineer J. K. Hoskins’ supervision, has 
assisted greatly in giving a common viewpoint on stream pollution 
work to all the states participating. Thus, there has been drawn up 
a skeleton plan for reducing or bringing to a harmless minimum the 
gross sewage and industrial pollution of this entire Ohio River Basin, 
to the end that its waters may be forever available to the cities along 
its shores as sources of public water supplies; that is, a board of eleven 
state sanitary engineers has functioned smoothly and efficiently for 
_ nearly ten years, carrying out an identical policy of stream pollution 
control in many states, erasing for administrative purposes, state 
boundary lines and working as though the entire watershed containing 
over 15,000,000 people, were under the control of one administrative 
agency. No federal control is needed when such effective coépera- 
tive work can be done by the states. Mr. Waring, who concisely 
summed up the successful phenol control program on the Ohio Basin 
before the A. P. H. A. in annual convention in Chicago in 1928, in 
closing his paper said: 


—_ We have been criticized for drawing up an instrument without legal force. 
Our answer is that there are enough laws already. What is needed is a 

“‘eonscience’”’ between ourselves as state agencies and between us and the 

corporations involved. This, then is just what we have endeavored to put 

into practice. 


The same principles were adopted by the ‘‘Great Lakes Board of 
Engineers” to work out suitable control measures for detrimental 


i stream pollution on the Great Lakes watershed. That state sanitary 
- engineers can work out pollution troubles with which the private 
water works manager would be powerless to deal, should be clear 
and in the future a greater degree of codperation should result in simi- 
lar state groupings to solve amicably interstate pollution problems 
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EVOLUTION IN SEWAGE DISPOSAL—PROBLEM IMPORTANT TO THE fi - 
WATER WORKS ENGINEER 


The state sanitary engineer’s office affords us a reliable cross sec- 
tion of sewage disposal practice in his state; through combining the 
data secured from all the state sanitary engineers we are able to 
obtain a composite picture of the country asa whole. On the whole, 
the panorama on safe sewage disposal is not nearly so encouraging as 
the 1932 water purification summary by Streeter and his conference 
committee. But we do see beginnings in the right direction which 
the state engineer is best fitted to bring to fruition. 

Mr. R. J. Morton, state sanitary engineer of Tennessee, in his con- 

- ference sewerage census includes over 4000 sewerage systems in 33 
~ states, publicly owned. Only 20 million people are being served by 
treatment plants, but one-third of the states now have legislative 
authority to establish sanitary districts and more than one-third 
have received authorization to use the sewerage service charge prin- 

ciple to improve sewage treatment facilities. Since Morton’s census 


q was taken in 1932 many states have passed enabling acts to obtain 


self-liquidating loans from the R. F. C. on sewage systems. 


7 Mr. Abel Wolman, summarizing the nature and scope of work of 


the Public Health Engineer before the A. P. H. A. in Washington, 
D. C., in October, 1932, commented upon the long way which Ameri- 
can cities have to go before the goal of satisfactory sewage disposal is 
reached in America. He said that ‘‘the sewage of well over 80 per 
cent of the urban population of this country receives no treatment.” 

Water works managers will do well to keep their minds open to the 
great need for reducing the pollution load on our inland streams for 
re there may be significant factors of importance to heavy pollution 

other than the elimination of harmful bacteria. You will recall 
these following happenings: 

1. Unusual outbreaks of intestinal disorders have been observed 
in March and April, 1933, at Niagara Falls, N. Y., and in other cities 


2 along the Niagara River, when an unusually heavy release of sewage 


from Buffalo which had been dammed back for several days by od 
came down the river in a slug. This heavy pollution of the Niagara | 
was traced from the mouth of the river to the St. Lawrence. Water 
works managers stated it was not possible to hold a residual chlorine 
in the water. These occurrences have been reported recently by the 
New York State Health Department and by Nasmith of Toronto. 

2. It will be recalled that Charleston, W. Va., in November, 1930, : 
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suffered from extraordinarily heavy sewage pollution at the intake of 
the public water supply and a wide-spread intestinal outbreak o¢. 
curred due to the extremely heavy pollution. Bacteriological records 
showed the water consistently met the Treasury standards through. 
out this period. 

3. Dr. M. V. Veldee of the U. S. P. H. 8. reported upon similar, 
but less virulent intestinal outbreaks in Ohio River cities in January 
and February, 1931, which cities drew their public water supplies 
from the river. These troubles followed unduly high concentration of 


sewage wastes in the Ohio River after the 1930 epochal drouth which 6a 
caused a cessation of flow in the river for many months, intensifying to 
to a high degree the sewage pollution concentrations. ne 
It is admitted that no definite proof has keen obtained in the above th 
cases, but the circumstantial evidence is sufficient to give warnings m 
of possible trouble from too high sewage pollution on our inland er 
streams. The state sanitary engineer is the most effective agency pl 
for getting the state to pass enabling legislation which will allow cities tk 
to establish sanitary districts, provide for sewer rental laws and set Ww 

up gradually better sewage disposal practices to lessen the pollution 
loads on water works intakes. be 
te 


_ OTHER RAPIDLY DEVELOPING FIELDS OF STATE SANITATION 


i 

SERVICE 
of It would take us far afield from the subjects of water purification, se 
sewage disposal and stream pollution to cover the many other public Ww 

health problems with which the state sanitary engineer deals. How- fe 

ever, when a man’s period of service in sanitary engineering starts in e 

1886 at the Lawrence Experiment Station in Massachusetts, with the 8 

pioneers in this field as has Stephen De M. Gage, and after a lifetime h 

serving the cause of state sanitation in Massachusetts and Rhode u 


Island, he leaves us the accepted standards governing swimming 
pool sanitation, he has made a vital contribution to public health and 
with the increasing leisure time in American life, these public swim- 
ming pool standards will be of vital importance to health. 

Mention was made earlier of milk control and it is my opinion that 
H. A, Whittaker, Minnesota’s sanitary engineer who was chairman 
of the National White House Conference Committee on Milk Control, 
and his work in Minnesota on pasteurization, together with the out- 
standing achievements of Leslie Frank, sanitary engineer U. S. P. 
H. S., on unifying and extending over the states of our country, 
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practical acceptable standards on safe milk production and proper nl 
pasteurization, working with other state sanitary engineers, con- wd 
stitute one of the greatest contributions in the public health field 
THE SANITARY ENGINEER’S FUTURE OPPORTUNITIES nérolled 
Today’s state sanitary engineers have a rich heritage from the past al 
50 years as they look back at the pioneers and we rejoice that some of On 
these eminent sanitarians are still with us. After 16 years in the state al 
sanitation service in a mountainous and beautiful country that drains 
to the Potomac and Ohio Rivers, I can see the state sanitary engi- bead 
neer’s realm of service still expanding. Heis the practical applier of bo 
the research knowledge developed by the state and federal govern- __ 
ments. He is the friend and helper of the water works superintend- __ 
ent always and not a sanitary policeman. He is the scientific yet tt 
practical man of moderation who strikes a sensible balance between 
the ardent sportsman of clear streams vision and the industrialist 
who would appropriate more than his share of the stream to his use. eo 
If the state sanitary engineers, knit together as they areincommon iy 
bonds of public service, are allowed the continued periods of unin- 
terrupted service as in the past, if their small but efficient corps is not af 
riddled by the false economy hysteria now prevailing, they can con- 
tinue to improve the water purification mechanisms, provide safer “y 
sewage disposal, clean up the streams from detrimental industrial 
wastes, safeguard the public milk supplies, lower the malarial rates;in 
fact, continue their practical application of known principles of dis- sal 
ease prevention in a large way to masses of people. As Prof. Whipple 
so sagely remarked, ‘‘It may not always mean public recognition and 
honor, but it does mean much personal satisfaction and many pleas- pad 
uresby the way.” | ‘ar ‘Sra OF 
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THE PUBLIC RELATIONS VALUE OF THE WATER WORKg | 


dks By Harry E. JorpaN 
Pelee (Indianapolis Water Company, Indianapolis, Ind.) 
A water plant laboratory—whether it be large or small—whetl, 
its staff be ten men or one man, must codperate in the production of; 
satisfactory water supply as the first and major part of its relatiog 
tothe public. If this part of its purpose is properly handled, theniti 
time for the laboratory staff to contact with the public in the wit 
variety of ways that contribute to the success of the water utility 
_ _ The attitude of the laboratory—or of the chemist—if you please, 
- must dominate the operations of a water purification plant. This 
_ does not necessarily mean that a chemist must be the operating head 
of the plant. It does mean that a man college or university trained 
seience—with the inquisitive attitude,—the not-taking-things-for- 
"granted attitude of a chemist is best fitted to direct such operations. 
‘Such an individual needs to stress just about six things in order to 
insure satisfactory plant performance. Their enumeration is useful 
this point. 
The first is one of the most important—proper discipline of the 
_ plant personnel. Rigorous conformance to routine must be de 
_ manded. A plant superintendent must be fair minded in his atti- 
- tude toward his subordinates, but he cannot afford to be an easy 
_ going—hail fellow well met. Better far to have a reputation for 
severity than to have a break in routine that makes the consumers 
complain. 
A necessary adjunct to discipline are written directions covering 
routine operations. It is well enough to use discretion and limit such 
_ written directions to a reasonable minimum. A book of rules that 
_ needs an index is dangerous. But there is a body of data that should 
be recorded in every plant. Quantity data on coagulation and chlo- 
les with brief directions as to filter control are basic and should 
_ be written. 
A successful plant superintendent emphasizes the necessity of ade- 
quate preparation of water for filtration. H. W. Streeter’s recent 
1598 
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summary of Experimental Studies of Water Purification shows that, 
in terms of total bacterial removal in filter plants, from 60 to 85 percent 
of the work is done before the water reaches the filters. Only 16 
to 27 percent of the work is done by the filters themselves and from 
1 to 12.5 percent only of the work is left for final chlorination. The 
adequacy of preparation of water for filtration must be controlled 
at the moment coagulants and other pretreatment materials are 
added. If it is not properly handled then, the load thrown upon 
the filters is likely to be beyond their ability to handle. It is a critical 
point in plant performance. 

Every raw water has a significant variable. What that is requires 
an adequate knowledge of the watershed and the character of the 
pollution. Such a variable may be turbidity, or pH, or oxygen 
consumed, or even wind direction, but there is such a variable in 
every plant load. If it is met, the performance is satisfactory. If 
it is not met, the plant will fail. 

Chlorination con{rol is an important factor in the operating routine 
of 99 percent of all filter plants. The day is far past when that can 
be left to one man on the day shift. It is a matter of at least hourly 
vigilance by the men on every shift. 

Adequate laboratory and production records are the certificate of 
plant performance. Not only do they need to include the basic 
bacteriological findings by which water quality is judged, but they 
should also include the record of the raw water variable which has 
been found significant in plant operation. Such records grow rap- 
idly and should be organized into frequency tables on an annual 
and cumulative basis. 

The six things above mentioned gather to themselves every factor 
in plant performance. They are the foundation stones of good 
public relations not only of the laboratory, but also of the entire 
water utility. A filter plant that produces irregular results—an 
effluent that has an unpleasant taste part of the time—is not an 
asset to a water supply organization. Regularity of operation that 
produces a safe, good tasting, good appearing water makes the plant 
staff ready to step before the community and engage in the other 
phases of public relationships which they should undertake. No 
city should dare to put into responsible charge of its water purifica- 
tion plant men who are not highly respected by those who know 
them well. 

Every community organizes itself into luncheon clubs, civic clubs, 
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groups of this and that description who, among other interests, 
wish to be adequately informed about the water supply. They 
should not have such desire for information unsatisfied. One or 
more of the men in every plant must be capable of going before __ 
organizations and telling a clear interesting story. This is so trite 
: that it needs no further emphasis. Every reasonable encourage- 
7 ment should be given to those inclined to visit the laboratory, — ae | 
Teachers of civics classes in the grades and chemistry classes in the _ 
high school appreciate the opportunity to bring their classes. In. 
the larger cities, nurses training classes and medical students while _ 
_ more blasé than the public school students, actually benefit by a_ 
brief survey of a water plant. 
A rather difficult public relationship follows the necessity of check- 4 cm 

a ing the quality of private supplies. Since 1930, the United § States 

_ Public Health Service requires that those in charge of the quality of — 
the public supply must examine every connected private supply and = 
certify its satisfactory quality. That makes it necessary for some rae oe 
one connected with the laboratory to go into industrial plants, rail- _ ae 
road yards, and private buildings, make a sanitary survey of the —_— 
private supply and sample it for quality. arr: 
Private supplies of this sort exist because the owner feels that he ite 
can produce from one source or another, water for certain processes — wn 
satisfactory to him. He assumes that he can do this more cheaply ee 
than he can buy the public supply. He generally does not know, ’ 
but takes it for granted that the supply is safe. An attitude 
bordering upon resentment thus faces the water department attache | 
as he enters into this survey work. Sooner or later some supplies’ tt 4 
will be found that are not of satisfactory quality for inter-connection. _ 
_ When this happens, it may be that the health authorities will be tol 
politically embarrassed to enforce abandonment of the private 
supply. Then the water utility through its Sanitary Engineer 
_ faces a difficult problem in public relationships. In order to protect — 
its own interests, it must indicate plainly but diplomatically that _ 
_ the private organization either must abandon the private supply or ait 
disconnect it from the public supply. Such action is likely to be 
construed into an attempt to force the use of the public supply. — ~ 


water they furnish is superior to that available from private sources, 
and they know that many times the private individual is misin- 
_ formed as to the economy of production of his own supply. But 


voL. 
evel 
entil 
effec 
case 
| judi 
T 
mus 
coo} 
prot 
the 
of 
mal 
cor! 
| a Vi 
imp 
corl 
mal 
bee! 
app 
) resi 
mas 
in ‘ 
san 
ren 
ide: 
not 
poc 
4 wic 
cor 
suk 
4 rel: 
but 
public | wh 
| | 
tho 
| fun 
| 
— 


yoL. 25, NO. 11] VALUE OF WATER WORKS LABORATORY 1601 


even then it is justifiable to proceed slowly in any action that may 
produce, if wrongly pursued, a lasting irritation. Eventually the 
entire problem of private supplies will need to be handled more 
effectively than it is now. Just at the present, it sets up a series of 
cases in public contact where the laboratory staff needs to be 
judicious and not belligerent. 

There is another group of people to whom the laboratory staff 
must always lend an attentive ear and to whom they must give active 
cooperation. That is the group of good customers who have special 
problems in their industry where water quality has an effect upon 
the product. One is tempted at this point to go into a case history 
of such problems. One remembers a meat packer and a silk stocking 
manufacturer who have been advised as to problems arising from 
corrosion of hot water piping; the large baking concern who produced 
a violent taste in the city supply by spray cooling it in a cold room 
impregnated with creosote, a food packer who produced discolored 
com products by bringing them in contact with iron—these and 
many others have presented their problems to our staff. It has 
been stimulating to us to work with them. The consumers have 
appreciated the services rendered. 

A growing problem that must be studied by all of us is that of the 
residence aquarium. All the way from the lowly fishbowl to the 
magnificent rock garden pool, we are being forced to take an interest 
in “toy” fish. There is a general obsession on the effect of chlorine 
on such fish, but Innes, the Editor of the magazine ‘‘Aquarium,”’ 
sanely advises his readers that it is of far less importance than 
generally opined. It does not suffice to tell the consumer that an 
ideal water for fish is not an ideal public supply. He may know 
nothing about their fungus diseases nor of the need of aeration of 
pool water. He must be advised. The problem is becoming so 
widespread that water supply men will need to engage in aquarium 
control in the laboratory until they understand more about the 
subject than they generally do now. It is a difficult phase of public 
relations—relatively unimportant from a broad water supply sense, 
but disproportionately important to the person who thinks that 
when the family gold fish dies, he should stop drinking city water. 

I think that I have presented to you material which you all had 
thought of before. We know that the laboratory has its prime 
function in plant control; that it was our duty to study all important 
private supplies in our community. Beyond that you should now 
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wal be more than ever convinced that the laboratory staff needs to be 

hens an advisor to every industry—every consumer using the public 

supply if they fulfil their full function in the water supply 
organization. 

In the terms of the play title, they must ‘“‘Come out of the kitchen,” 
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TASTE AND ODOR CONTROL BY PHYSICAL ADSORPTION = 
Hage. By F. E. 
(Research Engineer, Industrial Chemical SalesCompany,Inc, = = 
New York, N. Y.) 48 
The newest method of taste and odor control is by physical adsorp- af 
tion with powdered activated carbon. The removal of impurities * 
Bie. causing tastes and odors is accomplished by surface contact similar 7% 
— in many respects to the work done by alum floc. The resulting ad- 
ae sorbed impurities are removed by sedimentation and filtration. There he 
mes is no chemical change occurring during any part of the treatment. - 
ie: The use of powdered activated carbon has come to be recognized as = 


one of the standard methods for taste and odor control and this brief al 
discussion endeavors to point out the most practical steps to be taken 


for immediate taste elimination. t 
iv 


INITIAL STEPS IN POWDERED ACTIVATED CARBON APPLICATION ia odors 


When a severe taste or odor develops it is advisable immediately to 
seed the filters with a concentrated aqueous suspension of powdered . 
activated carbon. The dosage should approximate 2 pounds of car- = 
bon per million gallons filter capacity. The filter should be washed 53a 
or jolted, as the case may indicate, in order to evenly distribute the 
carbon throughout the beds. 

As soon as the filter bed has been seeded arrangements should be z 


made to apply 2 parts per million (16 pounds per million gallons) of a 
powdered activated carbon directly to the filter influent, by suitable , 


dry feed equipment or solution tank erected for emergency service, 
such as any tight barrel with agitator and control valve. A satis- oof 
factory suspension for feeding will be 5 to 8 pounds of carbon per 50 


gallons of water in the barrel. 
Immediately following this procedure, or at the same time, if pos- i 


sible, the sludge in the coagulation basins should be blanketed by 
intermittent dosages of carbon applied directly to the mixing chamber. F 


This quantity should approximate 25 pounds of carbon per million - 
gallons of water treated per day, i.e. to say a 4,000,000 gallon plant - * 
contre 


E, STUART 
_ should receive 25 pounds of carbon every 30 minutes until 100 pounds 
have been applied. It is quite important that this procedure } | 
_ followed out as it smooths out fluctuations and short circuits in the | 
coagulation basins and the excess carbon settles on top of the putre. 
fying sludge. Gases of decomposition are readily adsorbed by this 
_ precipitated carbon and the liquefying medium resulting from Sludge 

_ decomposition is stabilized. This excess dosage of carbon appliej | 
for sludge stabilization is quite effective in taste control as soluble 
gases given off by sludge unite with the taste producing compounds 
present in the newly coagulated water and form more offensive gp. 
pounds, which are quite difficult to remove. 

After this blanketing dosage has been applied it is now advisable ty 
arrange for feeding a small dose continuously, of powdered activated 
carbon, into the mixing chamber, either by separate dry feed machine 
; or mixed with a routine chemical such as alum. The dosage should 
Pte approximate 1 part per million (8 pounds per million gallons) if dry 
feed machine is available. Providing suitable dry feed machine js 
not available carbon should be mixed with the alum. A ratio of 4 
pounds of carbon to 96 pounds of dry alum is advised—solution alum 
feed requires the same ratio. There should be apparatus available 
* for occasional stirring of the alum solution. 


Check the coagulation 


During the initial period of preparation and application of powdered 

~ activated carbon it is also advisable to insure adequate coagulation 
and in many instances raise the alum dosage. The effect of alum co- 
agulation is so routine a matter that many times its importance is 
a forgotten. Exceptionally good coagulation during a period of severe 


the process employed for taste control. ¥iqgs OF 

Adjustment of carbon treatment 
SSF Now that the filters have been seeded and the sludge blanketed, 
rbvp 4 continuous application of 2 parts per million to the applied water and 
7 no 1 part per million, or 4 pounds to 96, as the case may be, mixed with 
the alum application; it is now desirable to check results of this emer- 
gency treatment. If the taste and odor has been removed, all or m 
part, it is evident that the carbon is doing some good. Attention 
must now be directed to the fact that in almost every instance the 
filter runs have been affected, shorter runs being apparent, and in- 
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creased wash water needed. At this point sufficient time has elapsed 
so a change can be made in the method of application so that the filter 
runs will return to normal or thereabouts. 

Unless the taste and odor is quite severe in the raw water the 2 
part per million dosage being applied to the filter influent can be 
applied further back in the treatment process, or the coagulation 
dosage that is now being applied can be increased to the point where 
it approximates 2 parts per million or 16 pounds per million gallons. 
A factor here should be considered regarding the retention period as 
it is quite important. If the design of the plant or the amount of 
water treated provides a period of retention of more than 8 hours it is 
desirable to change the point of carbon application to some place in 
the treatment process where the retention period will not exceed 8 
hours. This is mentioned as it is quite essential that a portion of the 
carbon reach the filters to keep them properly seeded for adequate 
taste control. The filter runs will not be affected by this application 
as the carbon is evenly distributed by dispersion through the settling 
basins. 

Careful experimentation at this time will reveal the most effective 
dosage and we can now consider the economics of the application. 
Prior to this time it has been desirable to remove the tastes and odors 
at almost any cost, but careful check will indicate that even this quite 
lengthy procedure does not run the cost of normal treatment up to a 


iis You .. 
Explanation of procedures 


The primary reason for the varied points of application of carbon 
during the initial stages of treatment was to insure complete impreg- 
nation by the carbon through the entire treatment process. It is 
desirable to do this in order that quicker taste removal will be accom- 
plished and that by the time the first filter runs are over, the penetra- 
tion of the carbon in the coagulation process will have reached the 
filters in a thoroughly dispersed condition. Upon changing the 
point of application to the mixing chambers, or in the settling basins, 
a continuation of carbon application will be accomplished in a thor- 
oughly dispersed condition and filter runs will not be affected. In 
many instances filter runs will be lengthened by the increased efficiency 
of coagulation caused by the carbon present during floc formation. 

If suitable equipment is available there will no longer be the neces- 
sity of mixing the carbon with the routine chemical as closer control 
will be obtained by dry feed equipment. 
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After the severe taste and odor epidemic has passed and large dos- 
ages of carbon are no longer necessary, it is advisable to feed 3 part per 
million (4 pounds per million gallons) of carbon to the mixing chamber 
; < either by dry feed machine or mixed with the alum, in order that the 

precipitated coagulant resulting from ordinary coagulation will settle 


tinually reaching the filters to keep them in prime condition for taste 


indicate that the stabilization of sludge is quite important in keeping 


to the accumulation of precipitated impurities in the settling basins. 
The use of powdered activated carbon in the coagulation process will 
not allow sludge to putrefy. 


penetrate a carbon stabilized coagulation basin it is to be remembered 
that serious epidemics will occasionally occur. It is much easier to 
combat these tastes and odors in a plant that is in a position to in- 
crease the carbon dosage, or split the treatment, as the case may indi- 
cate, by applying carbon directly to the filter influent. 


Carbon and coagulation 


in a stable condition. Minute particles of active carbon will be con-— 


removal. Observations of the plants now using powdered carbon _ 
the plant in maximum hygienic condition. Many times tastes and | 2 


odors develop periodically in some water supplies without any ma- 
terial change in the raw water. This, in the writer’s opinion, is due | 


Aside from the fact that foreign tastes and odors do not readily __ 


Mention should be made that continuous use of small dosages of 05 

a 2 powdered activated carbon in the coagulation process aids coagulation _ +e | 

and many plants report saving in coagulant. a 
Mills of Southern Pines, N. C., reports a 25 percent savinginalum 

dosage and a reduction in residual alumina from 2 to 0.02 p.p.m. 

~ Russell, Salem, Va. reports better flocculation and a reduction in 

alum of 25 percent. Gahn of Fort Pierce, Fla. reports more efficient 


1. In plants that have been inconvenienced with tastes and odors _ 
for a considerable period of time, it is advisable, before adopting the ‘ es 
activated carbon method of water treatment, to place all available = 
filters in service at the lowest practical rate of filtration. ; gl 
2. If taste is due to algae do not allow filters to run to complete 


Vi 
Ic 
p 
t] 
fi 
tl 
d 
| 
4 
; 
coagulation and 25 percent reduction in alum required for coagu- 


voL. 25, NO. 11] TASTE AND ODOR CONTROL 


loss of head if long runs are apparent. Many times microscopic im- anak -S 
purities will pass the filters near the end of the run and contaminate 
the more efficiently filtered water entering the clear well from other 
filters which have been in service for only a short time. 

3. Check individual filter effluents, if possible, occasionally during 
the taste period, especially after the filter has been in service for — 
any length of time. en 

4, Insure maximum coagulation efficiency and raise the coagulant i trom 
dosage if necessary. It is advisable to precipitate as much of theim- = 
purities as possible in order to take the load off the filters and off the = 
process applied for taste control. 


713 lo 
ae The quite lengthy procedure described is in effect an attempt to = 
attain complete carbon impregnation of the treatment process in the 
| ay shortest possible time. The early investigators found that the use 
ee 3 of powdered activated carbon directly on top of the filters was an oe 
ez effective means for taste control. However, difficulties wereencoun- | 
a tered with filter clogging. Changes were made in the treatment ap- bie 
plication and the carbon was applied to the coagulation process. r. 
Effective taste control was accomplished after a period of 10 daysto  —™ 
two weeks, without shortening filter runs. ei 
Kerslake of the Nicholas S. Hill Organization states: ‘‘In trying ely. 4 
erent 


SUMMARY 


out this activated carbon run the plant for a couple of months or at 
leasta month. Do not try for about 6 hours because it is dirty. You 
try it for a month and sometimes you will get better results than if | 


you just try it for 12-, 14-or 20-hour runs. After it works through to _ 
the filters and gets into your beds you get much better results.’’ laaat 
__ It is interesting to note that further experimentation confirms Ker- = 


slake’s report of last year, i.e. if the filters are seeded and sludge 
blanketed as herein outlined, continuous application of carbon in the 
coagulation process will not only control tastes and odors but in —_ : 
most instances have a marked effect on coagulation, resulting in in- = 
creased efficiency of the coagulation process. es 
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A New Device for Sampling Water with Correct Gas Content. A. JENpRas. 
sik UND K. Bo.seritz. Gesundheitsingenieur, 55: 29, 343-45, July, 1939, 
Description of apparatus of rugged construction, for sampling water from wells 
for estimation of gas content, consisting of two-part metal cylinder suspended 
by metal chain. Lower part contains sample bottle, upper part, vessel of 
1200-ml. content. By means of pipes containing adjustable valve, sample 
bottle is connected with the outside, and with upper vessel. When at desired 
depth pressure necessary to open valve is attained, water enters sample bottle 
and keeps flowing through it into upper tank until latter is full, thus ensuring 
repeated rinsing.—Manz. 


Prevention of Corrosion and Scale Formation in Hot Water Boilers. H. 
Warscuat. Gesundheitsingenieur, 55: 32, 379-80, August, 1932. Corrosion 
in hot water boilers is accelerated by the high temperature and by fresh sup- 
plies of oxygen continually introduced in solution in feed water, which cannot 
be removed and remains in boiler. At any drop in temperature, oxygen re- 
dissolves. If air-free water is used for feed, corrosion and red water troubles 
are eliminated. Instead of using chemicals for oxygen absorption, which 
would be very burdensome in small plants, author proposes to separate the 
heater from the hot water tank and to heat the water to its highest temperature 
before it enters the tank. Heater can then be dimensioned smaller and made 
of more stable material (copper) at moderate cost, while tank can be made of 
wrought iron. Heater is fitted at its highest point with strong air vent and 
with safety valve.—Manz. 


The Chemical Purification of Surface Water. Hugo Haupt. Wasser und 
Gas, 22: 21, 563, August, 1932. Read before International Congress for the 
Technics of Health and Hygiene in Cities held in Milan. When surface water 
is proposed to be used, thorough investigation is necessary before entering 
into any decisive arrangement, as to kind and quantity of contamination, its 
steady or periodical appearance, and its seasonal fluctuations. If mud depos- 
its have accumulated on a river bottom which will be stirred up at flood 
time, then sedimentation in ponds, or clarification tanks, is necessary at veloc- 
ity of 0.033 foot per second and with detention period of about 6 hours. Spe- 
cial consideration is being given, in the light of American experiences, to re 
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moval of odor and taste, to coagulant application, mixing, clarification, and 
filtering. Experiments with River Spree water confirmed the efficiency of 
longer mixing in getting better floculation of organic matter and in reducing 
time needed for settling.—Manz. 


Existence and Formation of Sulfates in Ground Water Met with in a Deep 
Excavation. O. KammMan anp H. Miuuer. Technisches Gemeindeblatt, 35: 
5, 53-58, May, 1932. Deep excavation was necessary to get solid foundation 
for erection of a bridge. Samples of the ground water, taken before beginning 
the concrete work, showed widely fluctuating sulfate content, ranging from 
137 to 1437 p.p.m. SO;. Existence of sulfate can, according to examination, 
be ascribed to local oxidation of peat and mud layers and of sulfide contained 
therein. The great fluctuation in sulfate content can be explained by differ- 
ences between layers at different depths and by the varying granulation of the 
iron sulfide, which oxidizes more easily the finer its particles are.—Manz. 


The Protection of the Workers and Surroundings Where Liquid and Gaseous 
Chlorine Are in Use. Epvuarp Lonmann. Zeitschrift fur Gesundheits- 
technik, 6: 241-50, June, 1932. Notes on manufacture, properties, and effi- 
ciency of liquid and gaseous chlorine and recommendations based on experi- 
ences for construction and operation of plants using liquid chlorine are given. 
Liquid chlorine containers with accessories and piping should be protected 
from direct sunlight and from heat, so as to prevent changes in temperature 
and pressure. Enclosed rooms should have several easily accessible exits 
and connection with a chimney-stack, or other exhaust to carry off escaping 
gases. Beneath the containers should be masonry pits large enough to receive 
their whole contents in case of rupture. Above the containers and chlorina- 
tors it is advisable to install a sprinkling system with abundant water supply. 
Both inside and outside fire protection of large diameter and with ample water — 
pressure is to be provided in safe and not too remove locations and in different 
directions so as to render gas vapors harmless with finely distributed water. 
Containers and accessories for liquid chlorine must comply in their construc- 
tion with regulations governing steam boilers. Advice is further given for 
plant operation, on selection of workers, on exclusion of young men and 
women, on gas-masks, on transportation, and on plant control.—Manz. 


Necessity for Continuous Bacteriological Observation of Water Works Em- _ 


ployees. Kurt Herzsera. Archiv fiir Hygiene und Bakt., 107: 5-6, 276-82, 
February, 1932. When worker in Duesseldorf Water Works proved to be a 
paratyphoid carrier, questionnaire was addressed to 89 water works and 
elicited fact that bacteriological survey of personnel takes place in 49 of these. 
In 40 works, workers are tested before engagement, but only in 21 works 
is bacteriological control continuous. Author advocates regular half-yearly | 
examination to detect possible typhoid and paratyphoid carriers.—Manz. 


The Importance of the Membrane Filter for the Filtration of Water, Especially 
of Drinking Water. W. Horrmann. Angewandte Chemie, 45:7, 143-46, 
February, 1932. Describes experiments on efficiency of these filters for puri- — 
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fication of water high in iron and humic acid content, from sandy moorland soil, 
which could only partially be clarified by filtration through sand. This peaty 
water, after filtration through sand filters, can be completely purified from col- 
loid matter and iron with membrane filters of relatively large porosity, so as 
to make it usable. Capacity of these filters, mostly constructed for small 
requirements, is given as 79 gallons an hour for largest size, namely 20-inch 
diameter.—Manz. 


Successful Algae Control in the Swimming Pool of the Stadium at Cologne. 
Cart L. Pescu unp Exisas. SAUERBORN. Zeitschrift fiir Gesundheitstech- 
nik und Stidtehydiene, 24: 6, ed. B, 229-34, June, 1932. This open air pool, 
consisting of three basins of 2,l-m.g. capacity is supplied through its own 
pumping station with water of 356 p.p.m. total hardness and 267 p.p.m. car- 
bonate hardness. Due to heavy algal growth (Conferva bombycina Lagerheim 
and Microspora pachydrema Lagerheim), water in pool at mid-summer a few 
days after filling acquired a greenish-yellowish color and high turbidity. Ap- 
plication of chloramine at rate of from 0.58 to 2.92 grains per gallon was without 
effect because of enormous chlorine demand of dissolved or suspended organic 
matter in water and of mud deposits at bottom of pool. With doses of 0.17- 
0.23 g.p.g. of copper sulphate no success, with 0.7 g.p.g., after softening water 
in basins by adding milk of lime, only temporary success was obtained, be- 
cause dissolved copper was precipitated as basic carbonate by hard make-up 
water added to replace loss by evaporation. Sediment at bottom assumed 
in one week, owing to gradual decomposition, an objectionable grey-black 
color. Finally, however, by daily spraying with chlorinated soda, at rate 
of 8.3 to 12 pounds per m.g., according to the bathing load, the algal growth 
was brought under control at cost of $1.50 per day. Discontinuance of 
chlorine treatment resulted within three days in such heavy algal growth that 
basins had to be refilled. The chlorinated soda liquor was prepared by satu- 
rating solution containing 0.118 pounds per gallon of soda with chlorine in 
tower filled with broken glass.—Manz. 


fott: cath 
Novelties in Electro-Osmotic Water Purification. O. Gerry. Siemens _ 
Zeitschrift, 12: 6, 211-13, June, 1932. Author describes new small-sized ap- 
paratus of 5.3- to 10.6-gallon capacity per 24hours. In larger apparatus, ten 
three-cell systems are arranged like filter presses, and water enters first centre 
chamber and is siphoned in turn to each succeeding one: to dispose of the ions 
migrating under influence of electric field, electrode chambers have to be 
rinsed out, the earlier ones with raw water, the later ones with distilled water. 
New type consists of three-fold box of ebonite, held together with iron clamps, 
with cloth diaphragms, magnetite anode, and sheet-zinc cathode. Water 
level is kept somewhat higher in centre chamber than in electrode chambers 
so that, owing to difference in pressure, flow takes place through diaphragm, 
making special rinsing unnecessary. The three cells of the apparatus are each 
divided into six chambers by means of small baffles which are perforated alter- 
nately above and below. Current required is 45 watt-hours per gallon at™60- 
110 volts, transformed if necessary, by cuprous oxide rectifier.—Manz. 
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Novelties in Electro-Osmotic Water Purification. The Electro-Osmotic 
Cascade Apparatus. O. Gmrtu. Siemens Zeitschrift, 12: 7, 241, July, 1932. 
tis tage filter-press type of apparatus hitherto in use for larger scale operation, great __ : 
loss of water is incurred for rinsing and diaphragms are rapidly attacked and 
7s Se destroyed by high salt concentrations. In new cascade type of apparatus, — ; 
Wana eight concrete troughs, each containing 16 fixed ceramic diaphragms, are 
sity, of erected on a raised platform. Of the seventeen cells in each trough, eight | 
serve as centre chambers, containing water to be purified, the other nine cells — 
i alternating with them being alternately anode and cathode chambers. Im- _ 
-_ pregnated lining protects concrete against corrosion. Water overflows from | a 
each centre chamber to the next. By maintaining higher level in centre __ 
chambers, sufficient flow takes place through diaphragms to keep electrode _ 
; chambers properly rinsed. Rinsing water overflows at front side of troughs _ 
into collecting channel. Only one-half of raw water will be consumed for 
rinsing, as against two-thirds with previous types of apparatus. Electrodes’ 
are of magnetite and sheet iron. Electrical connections are designed to meet 
each case as it comes. In earlier cells voltage may be divided, because of __ 
? 
. lees higher conductivity, later on, less and less, as conductivity decreases. Capac- = = 
ity of each cascade is about 105 gallons an hour. Current consumption is de- bi 
a Gite pendent upon salt-content of water and under normal conditions is about a 
‘te hy 0.076 kilowatt-hours per gallon for a reduction in hardness of 35 p.p.m.—Manz. 4 


Economy of Elevated Storage Strikingly Shown. Dona.p H. 
Water works and Sewerage, 80: 2, 63-4, February, 1933. Installation of 4 al 
500,000-gallon elevated reservoir at Glencoe, Ill., reduced power consumption 
ep by 33 percent. Annual saving is sufficient to cover interest, depreciation,and 
vk maintenance costs of tank. Advantages include doubling of reserve storage, __ 
ate uninterrupted and uniform pressure, and greater flexibility in filter and pump- 
at ing operations.—C. C. Ruchhoft. 


Mechanical Flocculators. Joun R. Baris. Water Works and Sewerage, 
80: 2, 43-6, February, 1933. Recent development of flocculators provides hy ta 
efficiently and inexpensively for good mixing and coagulation. Resulting 
economies in chemicals will often offset installation cost. They are especially | 
bob recommended for plants lacking proper mixing basins. Function of floccula- 
tor is to produce floc particles of large size and maximum density. Trans- — 
___- verse type is considered more efficient than parallel type, inasmuch as heavier _ 
particles are returned and mixed with incoming water.—C. C. Ruchhoft 
(Courtesy Chem. Abst.). 


>= 


Bleaching Clay in Water Purification. Grorce D. Norcom. Water Works _ 
bch _and Sewerage, 80: 2, 53-4, February, 1933. Chester, Pa., secures its water from — 3 
Delaware River below Philadelphia, heavily contaminated with industrial 
wastes of oily nature. Such large doses of activated carbon were required that __ 

filter operation was interfered with and expense was prohibitive. Experi- __ 

- ments with bleaching clay proved its effectiveness and, since December 1931, _ Z 
wien it has been used with complete success. Average dose of 0.34g.p.g.isapplied 
_ to raw water before aération. Clay not only removes tastes and odors, but 
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adds to gravity of alum floc. It also absorbs chlorine from the water which 
aids in preventing decomposition of settled sludge. At $16 per ton for clay, 
cost of treatment averages 39 cents per million gallons —C. C. Ruchhoft 
(Courtesy Chem. Abst.). 


Loss of Head and Backwashing Velocities for Anthracite Coal in Water Fil- 
ters. Homer G. Turner and G. 8. Scorr. Water Works and Sewerage, 80: 
2, 66-8, February, 1933. Laboratory experiments showed initial loss of head 
in filtration through anthracite to be dependent upon effective size, degree of 
uniformity, shape of particle, water temperature, depth of bed, and rate of 
flow. Because of lower specific gravity of anthracite, backwash velocities are 
lower: As compared with various sands, it is shown that velocity necessary 
to produce 50 per cent expansion of anthracite is 50 per cent less than that re- 


quired to produce same expansion in sand bed.—C. C. Ruchhoft. 


Activated Carbon in Industrial Water Purification. A.S. BrEHRMAN. Water 
Works and Sewerage, 80: 2, 55-9, February, 1933. Small, compact, continu- 
ously operated units, preferably pressure filters, are recommended. For 
slightly turbid waters coagulant is added under pressure before water enters 
reaction tank. From there it goes to pressure filters and thence to granulated 
carbon filters, where tastes, odors, and residual chlorine are removed. Highly 
polluted waters must be treated in gravity, or open, system. Three methods 
for removing organic matter are available: direct adsorption in activated 
carbon; coagulation and filtration followed by adsorption; and superchlorina- 
tion in connection with the second method.—C. C. Ruchhoft (Courtesy Chem. 
Abst.). 


Emergency Treatment for Tastes and Odors. Anon. Public Works, 63: 
11, 47, Nov., 1932. Sudden appearance of tastes and odors, due to algae 
growths in raw water, was handled by application of 35 pounds per m.g. of 
activated carbon, applied to raw water, by means of dry-feed machine. Trou- 
ble disappeared after 24 hours.—C. C. Ruchhoft. 


Tile Sludge Removal Systems for Water Treatment Plants. Epwarp P. 
ScHINMAN. Water Works and Sewerage, 80: 3, 95-6, March, 1933. Advan- 
tages claimed are: increased basin efficiency, since effective volume is not 
lessened by large sludge deposits; decreased stream pollution because dis- 
charges of sludge are small; elimination of troubles caused by decomposing 
organic matter; reduced operating costs; and water saved, which would usually 
be wasted.—C. C. Ruchhoft. 


Better Water at Less Cost at Lebanon, Tenn. H. F. WiepmMan. Public 
Works, 63: 12, 13-5, December, 1932. Original supply, from 300-foot lime- 
stone wells, had hardness of 325 p.p.m. and was subject to infiltration of sur- 
face water. Calculation was made that shift to river water, with hardness of 
75 p.p.m., would save more than $16,800 per year in soap, plumbing repairs, 
and meter maintenance. Intake works are located in shaft 12 feet below nor- 
mal river surface and include bar and fine screens and two horizontal centri- 


vo 
fu 
an 
W. 
cit 
tai 
si3 
dr 
4A 

| 
= ce 
hi 
al 
it 
at 
th 
ze 
fr 
‘ B 
hs 
1] 
se 
sl 
tl 
fr 
: al 
le 
il 
a 
( 
6 
f 
a 
il 
0 


VOL. 25, NO. 11] ABSTRACTS OF WATER WORKS LITERATURE 1613 


fugal pumps. Filter plant includes gravity mixing basin, settling tank, filters, 
and clear well. New works will pay operating and interest charges, amortize 
the investment in 30 years, and save annually $10,000.—C. C. Ruchhoft. 


Cold, Soft, Well Water Replaces Unsatisfactory River Water. THropore 
WarpWELL. Public Works, 64: 1, 12, January, 1933. Rhinelander, Wis., 
city of 10,000, had previously obtained its water from Wisconsin River, con- 
taining considerable organic matter and requiring heavy chlorination. Con- 
tract was let which called for 3 m.g.d. from not less than three, nor more than 
six, wells, located in two locations. Three gravel-wall 48-inch wells were 
drilled at depths from 54 to 92 feet. New supply has average temperature of 
44°F., and average hardness of 37.7 p.p.m.—C. C. Ruchhoft. 


Recent Progress in Producing Sparkling Tasteless Water of Low Mineral 
Content. L. R. Howson. Public Works, 64: 2, 27-8, February, 1933. Re- 
cent trends in filter plants are toward longer mixing and settling periods, 
higher filtration rates, larger filter units, coarser sand, and provision for taste 
and odor control. Of 400 plants now using activated carbon, 30 per cent apply 
it continuously; usual dose varies from 10 to 30 pounds per m.g. and is applied 
at filter influent; average cost of carbon treatment is $1.00 per m.g. Most of 
the 175 municipal softening plants in U. 8S. use lime and/or soda-ash, although 
zeolite is preferrable for waters high in sulfate. Zeolite softening requires 
from 24 to 30 pounds of salt per m.g. for each p.p.m. of hardness removed. 
Beyond a certain minimum, consumption of soap varies directly with water 
hardness, extra cost amounting roughly to $1.00 per capita per year for each 
150 p p.m. of hardness.—C. C. Ruchhoft. 


Water Consumption Averages and Anomalies. Anon. Public Works, 63: 
11, 19-20, November, 1932. Although metering usually decreases consumption, 
several directly contrary cases are reported. Municipalities in Ohio which 
supply purified or softened water, charge rates from 5 to 10 per cent higher than 
those supplying untreated water; but consumption per capita in former is 
from 30 to 40 per cent higher. About 70 per cent of peak consumption rates is 
attributed to sprinkling, while remainder is caused by fires, sewer flushing, and 
local conditions. Abnormally low water rates are usually caused by maximum 
industrial consumption. In estimating future consumption, following general 
averages are useful: daily peaks, 1.5 to 1.6 times yearly average; and hourly 
peaks, 3.0 to 3.5 times; subject to some correction for local conditions.—C. 
C. Ruchhoft. 


Irrigation in Persia by Kanats. M. A. Butter. Civil Engineering, 3: 
69, February 1933. The kanats, or artificial underground channels, start in 
foothills where ground water is abundant and conduct it for long distances 
and sometimes at great depths until they reach surface of low-lying land to be 
irrigated. Until modern times, until quite recently, those still flowing were 
thought to be natural springs. Entire water supply of city of Teheran, is 
obtained from 36 kanats. Their combined flow in autumn is approximately 
3,300,000 gallons per day and in spring, double this amount. Methods of con- 
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struction and rights to use the water are discussed and explained. Custom 
has construed right to use to include use of passing stream for disposal of 
family waste, resulting in conditions that to occidental are impossible, [p 
construction there is no ventilation and artificial light is used as little ag ‘pos. 
sible, reflected sunlight being depended upon.—H. E. Babbitt. 2 big 


Influence of Overgrazing on Erosion and Watersheds. H. H. Cuapmay 
Civil Engineering, 3: 74, February, 1933. In great intermountain region of 
United States, where problems of erosion are most acute, there are 154 million 
acres of public lands usable for grazing purposes, where only material fore 
preventing erosion is vegetative cover which supports the grazing animals 
Too little control of grazing and other harmful agencies is cause of rapid i. 
crease in erosion and flood damage. Engineering works alone cannot preven 
such destruction. Erosion has destroyed in a generation soil that took 40 cep. 
turies to build. This soil is capable of filling storage reservoirs, burying farm 
land, and reducing area of both farming and grazing country to such an extent 
as to definitely diminish capacity of country to support population.—H, f. 
Babbitt. 


. pot Sanitary Control of Water Wells, Drainage Wells, and Cross-Connections in 
io Illinois. C. W. Kuassen and H. F. Fereuson. The Illinois Well Driller, 3; 
len 4, February, 1933. In 1930 authority regarding protection of wells and under- 
has ground waters in Illinois was placed in State Department of Public Health, 
tia Regulations will provide for submitting plans and specifications to the Depart- 
A ment for all public water supply wells. Discharging surface water, wastes, 
7 or sewage into any well and polluting underground strata is not approved. 
State Health Department follows policy adopted by Am. Water Works As- 
it, sociation and Conference of State Sanitary Engineers that there shall be no 
ene physical connection between safe water supply and one polluted, or subject to 
aut pollution —H. E. Babbitt. 
' Crooked Holes. W.C. Impr. The Illinois Well Driller, 3: 10, February, 
ar 1933. Crooked holes have long been the nightmare of the contractor en- 
Bat gaged in drilling wells. They may be caused by drilling with slack line; by 
tag short string of tools in large diameter hole; by improperly dressed bit; by 
hen: tilted layers of alternating hard and soft rock; by highly fractured formation; 
ohne or by boulders. Most successful way to get around a large boulder is by 
WE blasting. Tools should be turned when drilling in soft clay. Crooked holes 
ie’ are indicated when wearing edges of bit show uneven abrasion; when cable does 


not hang in the center of hole; or by lack of freedom in dropping the tools while 
drilling. Simplest method of finding angle of deviation is with the “acid 
bottle,’”’ a bottle of hydrofluoric acid. Direction of deviation is discovered 
by ‘‘freezing’’ a compass needle in gelatine. More complicated instruments 
for surveying crooked holes are available. To straighten a crooked hole 
some drillers fill the hole to the point where deviation started and redrill. 
Another means of straightening a hole is to use a hollow reamer.—H. E. 
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A Well Supply As A Life Saver. W.J.Spautpine. The Illinois Well Dril- 
ler. 3: 18, February, 1933. 


begun in 1911, which relieved city of Springfield, Mlinois, of pressing problem 
illness from typhoid, dysentery, and the like.—H. EF. Babbitt. 


Setting and Plugging Open Bottom Well Screens. Anon. The Johnson — 
National Drillers Journal, February-March, 1933. 


screen into place will vary with size and length of screen, kind of sand or gravel 


Sereen may be washed down or bailed down. 
accomplished with a plain, open ring bottom or plain, open shoe bottom, or 
with threaded bottom, plain or shoe type. After screen is placed, next step — 
is to plug bottom. This may be done with wooden plug, lead w2ol, lead plug, 
cement, or in many other ways; but best way is usually with wooden plug or 

lead wool.—H. E. Babbitt. 


Mud Scow Method of Drilling (Wells). A.G. Fiepuer. Johnson National 
Drillers Journal, 5: 2, 5-6, April-May, 1933. Sometimes called California, or 
stove-pipe, method. It is most widely used in western states for water wells in 
unconsolidated valley fills. Wells sunk by this method are usually cased with 
either single or double thickness of stove pipe casing forced into place with 
hydraulic jacks. Casing is rolled from flat sheet into 2-foot to 4-foot lengths, 
4 to 36 inches in diameter, with single riveted lap joint. A special type of rig, 
known as ‘California mud scow rig’”’ is used in sinking these wells. The mud 
scow is made of heavy pipe at lower end of which is a cutting shoe, slightly 


larger than shell of scow. The jacks used employ pressures up to 2,000 to 4,000 | 
pounds per square inch and have stroke of from 4 to 6 feet.—H. E. Babbitt. 


Suggested Procedures for the Presumptive Test in the Determination of the 
Coli-Aérogenes Group. C. T. Burrerrietp. Am. Jour. Public Health, 23: — 
4, 343-349. April, 1933. Numerous efforts have been made during past 15 
years to increase efficiency of Standard Method for this presumptive test, — 
in which lactose broth is used as culture medium. In search for medium which 
would restrict growth of unrelated organisms without inhibiting coli-aéro- 
genes group, two brilliant green bile lactose broths, one containing 2 percent 
bile and brilliant green 1:75,000 and the other 5 percent bile and brilliant 
green 1:20,000, have been devised. While brilliant green bile presumptives 
confirm in almost 100 percent, these media are not equally successful in 
detecting all bacteria of coli-aérogenes group in waters from different sources, 
and are therefore unfit for use as standard. A parallel planting procedure, 
designed to combine advantages of productivity of standard lactose broth 
with restrictive qualities of brilliant green bile is now recognized as impractica- _ 
ble. New presumptive medium has been suggested, consisting of standard — 
lactose broth modified by addition of methylene blue and erythrosine as in- — 
_hibitive agents and brom-cresol purple as indicator. Results of tests show 
that while presumptives uniformly confirm, many coli-aérogenes organisms 
escape detection.— H. E. Babbitt. 


Account of installation of system of tubular wells, =» 


in water supply and prevented many deaths from typhoid fever, as well as a 


Method to use for settling 


through which it must pass, head of water in well, and available equipment. ae 
Either of these methods may be 
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val _ Arizona Adopts a Code for Dams. J. A. Fraps. Civil Engineering, Part 
L314, 195-199; Part II. 3: 5, 272-276; April and May, 1933. Code is ap. 
plicable primarily to Arizona conditions, but has generally valuable charae. 
ter. It was issued by State Engineer’s Office and is merely set of rules and 
regulations for guidance of designer and builder and without legal status, 
Foundations, spillways, and outlet works receive detailed treatment, while 
design and construction of earth, rock-fill, gravity, vertical arch, and multiple. 
arch dams are discussed in general way.—H. E. Babbitt. 


Reservoir Storage above Spillway Level. H.K. Barrows. Civil Engineer. 
ing, 3: 4, 233, April, 1933. This is graphical method, involving construction 
of mass diagram of reservoir inflow and of flow over spillway. Curve of reser. 
voir capacity is based on relation between these two curves.—H. E. Babbitt, 


Pasadena Builds Pine Canyon Dam. S. B. Morris. Civil Engineering, 3; 
6, 309, June, 1933. Domestic water supply project on San Gabriel River, 
Bond issue for ten million dollars was approved by voters in June, 1929. Proj- 
ect will include Pine Canyon Reservoir, to yield 17,500 acre-feet annually from 
drainage area of 210 square miles, using only surplus flood waters. Dam is 
of massive concrete, approximately 220 feet high, and contains 436,000 cubic 
yards. Contract price is $2,407,311. Construction methods and mixing of 
concrete are described in detail.— H. E. Babbitt. 


Translatory Waves in Open Channels. H.W. Kina. Civil Engineering, 4: 
6, 319, June, 1933. If rate of flow of water in open channel is suddenly changed, 
an abrupt wave travels either up or down stream, dependent on character of 
change of flow. This condition affects freeboard and other details of design 
of open channels. Hydraulics of problem are discussed and formulas for 
flow conditions are given.—H. E. Babbitt. 


Temiscouata Storage Dam on Sand Foundation. J. H. Ines. Civil Engi- 
neering, 3: 6, 322, June, 1933. Articulated sluiceway structure built of rein- 
foreed concrete, in Quebec, Canada Dam has over-all length of 1114 feet, of 
which 614 feet consists of reinforced concrete sluiceways and 500 feet of rolled 
earth fill, all on fine sand foundation except for three sluiceways and a log 
chute, which are founded on rock. Each sluiceway pier is free to settle inde- 
pendently, but all panels are tied together by dovetailed joints in foundation 
slab, which are sealed with asphalt.—H. E. Babbit. 


Water Supply, Sewerage, and Sewage Disposal in the Chicago Metropolitan 
Area. Report of Civic Affairs Council. Journ. Western Soc. of Engineers, 
38: 2, 102-106, April, 1933. From standpoint of water supply, Chicago Metro- 
politan District may be divided into four areas: (1) City of Chicago, (2) 
other cities in Metropolitan District supplied from Lake Michigan, (3) West 
Side suburban district, and (4) Fox River Valley area. Chicago draws its 
water from Lake Michigan, pumps more water than any other city in the world, 
and wastes one-third of it. There is no filtration, although this is needed. 
Excessive waste reduces pressures and increases pumpage costs. Distributed 


he 
°F 
} 


VOL. 25, NO. 11] ABSTRACTS OF WATER WORKS LITERATURE 1617 7 ‘ 


water is not always of highest quality. Waste elimination would overcome 
most of difficulties now encountered and would make filtration practicable. 
There are approximately 350,000 consumers in Fox River Valley area. Some 
are now dependent on water repumped from Chicago: others, on wellsfurnish- __ 
ing very hard water. If waste were eliminated in Chicago, these communities 
could be supplied adequately with water of good quality. Organization of __ 
private company to draw water from Lake Michigan and filter it may solve oe n 
the problem for these cities—H. E. Babbitt. 


Glencoe Reduces Power Consumption 32 percent. Anon. The Water 
Tower, 19: 3-4-5, 6-7, January, 1933. Village of Glencoe, IIl., reduced power 
consumption in its water works 32 percent by installing 500, 000-gallon ele- e 
vated tank. City also secured new and lower power rate, with resulting ~ 
annual saving of about $2,500.—H. #. Babbitt. 


The Surbiton Pumping Station of the London, England, Metropolitan Water ’ : 
Board. Engineering, 134: 465-469, October 21, 1932. Remodeling in stages of - o 
an old station to modern requirements: Present station consisting of com- 
bined works of Lambeth and Chelsea water companies dating respectively 
from 1850 and 1854, is now the Board’s largest. Remodeling began in August — 
1930 by concentrating these stations into one, without interrupting intercom- 
munication of water between these and other existing stations. There are 
four steam turbines driving centrifugal pumps aggregating about 5000 water 7 
horsepower. Two pumps can carry full normal station load. When station 
is completed, coal consumption under normal working conditions will probably 
not exceed 1.7 pounds per water horse power hour.—R. H. Oppermann. 


A Practical Soil Corrosion Survey With Shepard Soil Resistivity Rods. 
A. V. SmituH. Proceedings of the 14th American Gas Association Convention, _ 
Atlantic City, N. J., October 10-13, 1932, pp. 790-801. Survey was made on 12- — 
inch steel main of Harrisburg Gas Co. which was installed in 1914. Since that 
time practically no disturbances of soil around the pipe had been made nor had 
there been any changes made inmain. Small holes for Shepard Test Rods were 
made about every 50 feet of the 6,750 feet length of the main by drilling, using 
soil auger to bring subsoil to surface. Soil was augered to within 6 inches of 
depth at which readings were desired. Shepard Rods were then inserted and 
firmly pushed a short distance into soil. Results of survey are shown graphi- | 
cally. Resistances between 15,000 and 800 ohm-centimeters were recorded. 
Excavations were made at 3 low points. A remaining length of 3,250 feet of 
the main, not covered by above, was laid in filled ground. In openings made 
for purpose of removing fittings, tests showed resistances varying between 
1200 and 5000 ohm-centimeters for cinder fill and between 6,000 to 10,000 for 
clay surrounding pipe. Pipe in this section was in fair condition. Conclu- 
sions drawn follow. (1) Single relatively low resistance readings do not neces- — 
sarily mean seriously corroded pipe. (2) Where there is a definite distance of 
relatively low resistance soil, with higher resistance soil adjacent, corrosion 
undoubtedly takes place. (3) The rods seemed to indicate corrosive conditions, — 
whether due to acid, or to alkaline gcil. (4) Where gas leak occurs, resistance © 
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of soil is lowered to between 500 and 2000 ohm-centimeters, depending on time 
the gas has been leaking. If main had been placed in service on basis of re. 
sults of air tests previously made, within a few years serious leaks would haye 
developed.—R. H. Oppermann. 


Annual Distribution Converence of the American Gas Association, Pitts. 
burgh, Pa., April 3—4, 1933. Report on Inspection and Tests of Specimens Re. 
moved in 1932. Scotr Ewina. In introduction, G. H. Boyp, chairman of 
Sub-committee, stresses importance of determining correct coating and its 
proper application in prolonging life of pipe. Subject to possible modifica. 
tion as Dr. Ewrne’s tests progress, asbestos reinforced coating is recom- 
mended for cinders, rocky or gravelly soil, tidal marshes, poorly drained muck 
soils, poorly drained clay soils, well drained clay soils, sands, and sandy or 
silt loams, although there may be cases where more substantial coating could 
be used than any of those in the A.G.A. test. Dr. Ew1na’s paper describes 
methods of removal and inspection of specimens which were buried in 1929 from 
14 locations. Coatings, varying in thickness from 0.007 to 0.216 inch, were 
composed of various mixtures and combinations of asphalt, coal tar, mineral 
fillers, and fabric or felt reinforcements. Generally the thicker coatings, 
usually reinforced, afford the best protection. Cut back, emulsion, and 
enamel failures are caused principally by mechanical action of soil. No coat- 
ing in test has high enough electrical resistance to rank as dependable insula- 
tor. Laboratory Studies of the Performance of Pipe Coatings. Scorr Ewina. 
Tests to determine progress of deterioration were studied as essential prelimi- 
nary to accelerated endurance tests. Periodical determinations of electrical 
conductance of coatings exposed to action of salt water and of soil which was 
alternately wet and dry indicated that protection failures of common bi- 
tuminous coatings can usually be traced to mechanical action of soil, or to 
absorpticn of water by coating. It is believed that two relatively simple lab- 
oratory tests can be devised to give accurate information on merits of any bitu- 
minous coating. General nature of these tests is indicated. An Electrolytic 
Method For Determining the Condition of a Non-Metallic Pipe Coating. Scorr 
Ewine and Gorpon Scorr. So-called pattern test for protective coatings, 
which depends upon precipitation of ferrous (ferric) ion by ferricyanide (ferro- 
cyanide) ion, has been studied to determine importance of various factors which 
influence density of pattern. The metallic ions, produced by electrolyzing the 
iron, are received on suitable pattern paper, which is then immersed in develop- 
ing solution: resulting blue stains record discontinuities in coating. Recom- 
mended procedure for performing test is given. Cathodic Protection of Pipe 
Lines. W.R.ScHNeErpER. Has been employed by Pacific Gas & Electric Co. 
since January 1930 on pipes of whieh sections were found by earth current 
surveys to be positive. All portions showing a discharge more than 1 milli- 
ampére per square foot of pipe surface were tested with corrosion coupons con- 
nected to main and buried in soil adjacent to it. Approximately 50 percent of 
company’s lines are negative to soil. Method of applying cathodic protection 
is shown schematically. Auxiliary electrode, or ‘‘pilot,”’ pipe is placed at dis- 
tance from main of 100 main diameters. Current from source of direct current 
is caused to discharge from pilot pipe. In using this method, other pipe and 
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cable companies should be considered; contemplated breaks, due to work being 
done on gas lines, should be bonded.—R. H. Oppermann. 


Formation of Floc by Aluminum Sulfate. A. P. Buack, Owen Rice, and 
Epwarp Bartow. Ind. Eng. Chem., 25: 7, 811-5, 1933. Using 2 grains of 
filter alum per gallon of distilled water with sodium hydroxide or sodium bi- _ 
carbonate to adjust to pH desired, most rapid coagulation occurred at pH 
7.40. With from 25 to 250 p.p.m. of sulfate ion, zone of rapid floc formation 
was broadened on acid side to pH 4.8 at highest sulfate dosage. With same 
amounts of chloride ion, lower doses had no effect and higher doses extended 
zone only slightly on both acid and alkaline sides. Results of these jar tests 
using 2 liters of distilled water agreed with tests on well water in experimental 

3 plant. In making jar tests for plant control, at least two liters of water should 
be used, and continuous stirring and method of observing Tyndall cone forma- 
tion should be provided. Unless indicator solutions used to test unbuffered 
solutions are adjusted (isohydric), pH readings are too acid.—Selma Gottlieb. 


Foaming and Priming of Boiler Water. Peculiar Behavior in an Experimental 
Boiler. C. W. Foutk and Kermit Groves. Ind. Eng. Chem., 25: 7, 800-3, 
1933. Contrary to expectations, increase of salt concentration (sodium car- 
bonate, hydroxide, chloride, or sulfate) in experimental steel boiler decreased 
amount of priming at various pressures tried. No foam was carried out with 
steam even with 30,000 p.p.m. of sodium sulfate. Experiments in glass boiler 
of similar design showed that priming was due to striking of steam outlet by 
waves propagated along drum. Height of waves was proportional to size of 
steam bubbles emerging from water tube and these were smaller in salt solu- 
tions due to decreased coalescence of small bubbles. Castor oil samc : 
priming by interfering with films between bubbles. Water behavior was not = 
contrary to accepted physical-chemical principles, anomalous results observed __ 
being due to design of boiler. Details of design may account for cases of 
foaming and priming not explainable hitherto.—Selma Gottlieb. 7 = = 


Studies of Bacterium Coli in Privately Owned Rural Water Supplies. RatpH 
L. France. Jour. Bact., 25:6, 623-35, 1933. Because of the economic loss and 4 
other inconveniences resulting from unnecessary condemnation of private — 
water supplies, more information is needed as to best tests for identifying 
fecal B. coli. Two hundred and twenty-three strains isolated from private 
supplies and 178 strains from feces, all confirmed as B. coli by Standard — 
Methods procedure, were examined by methyl-red, Voges-Proskauer, sodium — 
citrate, uric acid, and indol tests. In all tests, considerably more fecal than 
water strains were identified as B. coli, and more water strains gave irregular 
results. On basis of first four tests, 60.5 percent of water strains and 93.2 
percent of fecal strains were fecal B. coli. On basis of first two tests, which — 
always agreed, percentages were, respectively, 90.6 and 97.2. Uric acid and — 
sodium citrate tests failed to agree in 6.7 percent of water strains and in one © 
fecal strain. Indol test seemed as reliable as the others. Author concludes 
that Standard Methods procedure results in condemnation of too many sam-_ 
ples, but that results of present study do not justify recommendation of any — -| 


particular test. or group of tests.—Selma Gottlieb. ‘ey tees 
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American Water Affairs. H. Bacu. Gesund. Ing., 55: 432, 1932. Prom 
Water Pollution Research Summary, 6: 4, 109, April, 1933. Large American 
supplies are mainly drawn from surface waters and technique of treatment 
has reached high standard. In rapid development of Chicago, sufficiency 
of supply has been the urgent problem, overshadowing that of taste and ap. 
pearance, and chlorinated Lake Michigan water is used; but individual treat. 
ment plants number thousands. Experiments at Chicago have shown that 
Lake water can be satisfactorily treated by coagulation, filtration, double 
chlorination, and activated carbon. Taste problems are common and aéra- 
tion, superchlorination, ammonia-chlorine treatment, and activated carbon 
are used to cope with them. Pittsburgh’s water from Allegheny River is 
settled, passed through gravel filters, re-settled, filtered through slow sand 
filters and chlorinated. In Saginaw, polluted river water is treated with lime, 
soda, and powdered activated carbon, settled, carbonated, re-settled, filtered, 
and chlorinated. In Bay City, changeful water from bay is treated with alum 
and ammonia-chlorine and filtered; when it is very bad, lime is added, and 
activated carbon treatment precedes sand filtration. Considerations affect- 
ing preferability of powder form, or of granular bed, for activated carbon 
treatment are discussed. Drought of 1930 showed that water containing much 
polluting matter could not always be rendered entirely safe by usual and prae- 
ticable treatment.—W. G. Carey. 


Water Supply and Sanitary Engineering in 1932. The Engineer, 155: 4017, 
25-26, January 6th, 1933. Financing difficulties restricted water projects in 
Great Britain, notably Manchester’s Haweswater scheme, only work under- 
taken on which was northern section of aqueduct. Over 7 million consumers 
are supplied daily by Metropolitan Water Board, developments in whose vari- 
ous pumping stations are described, as likewise those at Belfast, Hull, and 
Newport. In America, most notable schemes were tunnel driven beneath 
New York City and Hoover Dam project. Construction was started on new 
reservoir at Hong Kong, while in Egypt, progress was made in heightening 
Aswan Dam. In France, water supply schemes were delayed by financial 
difficulties, but it is probable that more progress will be made this year. One 
Paris plant has adopted Bunav-V aRILLA method of sterilization with chlorine 
so that even unfiltered river water may be used without danger. Work has 
not yet been started on Vals de Loire scheme for Paris, for which parliamentary 
sanction has been obtained; but two reservoirs for regulation of Seine flow have 
been completed. An ozone plant has been installed at Nancy and the Nice 
ozone plant for river water is still in operation. It is, however, proposed to 
raise water from beneath the Var valley.—W. G. Carey. 


Determination of the Sulfate Ion by Precipitation as Barium Sulfate. J. N. 
Frrenp and W. N. Wear. Analyst, 57: 678, 559-562. September, 1932. 
Barium sulfate tends to carry down on precipitation appreciable quantities 
of dissolved substance, especially salts of alkali metals. To obtain best re- 
sults, (1) concentration of alkali sulfate should not exceed 0.01 gram-mol. per 
litre; (2) solution (about 350 cc.) should be rendered about N/100 in hydro- 
chloric acid and heated to boiling; and (3) twice the theoretical amount of dilute 


ra 
| 
| 
| 1 
q 
A 
= 


VOL. 25, NO. 11] 


barium chloride should be added dropwise with constant stirring. Solution — 
is kept near B.P. for ten minutes and allowed to stand overnight. Cold super- 

natant liquor is decanted off through filter paper: some 350 cc. of distilled w ater 
are added to barium sulfate and whole heated not less than two hours in water 
bath with frequent stirring, to remove remaining adsorbed material. Solu- 
tion is cooled and filtered and precipitate washed with minimum quantity of 
hot water. Filter paper is dried and precipitate detached from paper, which 
is incinerated separately. After ignition in porcelain (not platinum) crucible, 
drop of dilute sulphuric acid is added before final heating and weighing — 
W. G. Carey. 


Iodine Content of Food and Incidence of Goiter. L.Scuerrer. Biochemis- 
che Zeitschrift, 247: 418, 1932. From British Chemical Abstracts A, 641, — 
1932. In Pécs, Hungary, 10 percent of population suffer from goiter, not- | 
withstanding that food and water consumed contain more than enough iodine 
to prevent it. Validity of theory that lack of iodine is sole contributory _ 
cause of goiter is therefore doubted.—W. G. Carey. 


Determination of Hydrogen Sulphide in Industrial Waters. Kapp. 
Comptes rendus, 195: 608-610, 1932. About 20 cc. of 20 percent cadmium 
sulphate are added immediately after collection to 500 cc. of sample. On — 
arrival at laboratory, mixture is heated to boiling in flask provided with tap 
funnel and with delivery tube leading through vertical coil condenser into 
known quantity of iodine. Through funnel, 100 ce. of cool mixture of equal 
volumes of water and sulphuric acid are added slowly. Ten minutes after 
disappearance of sulphide colour, distillation is stopped and iodine excess 
titrated with sodium thiosulphate. If amount of sample be large, cadmium 
sulphide may be removed by filtration and added with filter to 500 ce. water 
in flask.—W. G. Carey. 


The Regulation of Stream Flow in State Development. C. E. McCasuin. 
Southern City, 7: 6, 16, December, 1932. Upon accurate records of stream 
flow, control measures must be based. Continuity of record is of major im- _ 
portance. Of fifteen stations in Georgia, maintained by U. 8. Geological Sur- — 
vey, nine were threatened with discontinuance in October 1932 due to curtail- 
ment of funds, and are being carried by State funds, cost per station per yea 
being $600. U.S. is ready to meet states half way and more in establishing 
and supporting these stations. Records are of aid to industries in study of 
plant location, power development, canal transportation, flood-free location 
of highways, securing adequate dilution of industrial wastes, suitable location 
for large steam plants.—E. B. Besselievre. 


New Water Treatment Plant at Manchester, Georgia. M. T. SINGLETON. 
Southern City, 7: 6, 12, December, 1932. New Pigeon Creek 0.5-m.g.d. sup- 
ply and treatment plant cost $13,000 and serves population of 4000. Combina- 
tion of well and river water is used. Well water, containing considerable iron 
and high in CO,, occasioned severe red water and corrosion troubles. New 
plant treats both supplies and consists of aérator, chemical dosing equip- — a 
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ment, coagulation basin and rapid sand filter. Old distributing reservoir jg 
used as clear well. Aérator, of coke tray type, is superimposed on coagula. 
tion basin. Mixing chamber, with over and under baffles, discharges behind g 
stilling wall into coagulation basin which is of straight flow type. After fi]. 
tration chlorine is applied. Local labor and material were used in constrye- 
tion wherever possible.— EH. B. Besselievre. 


Hydrodynamics of Wells. Marcet Porcuet. Ann. Ministére Agric, 
France, Bulletin No. 30: 1903, pp. 111-188. Derives formulas for yield of wells 
and for radius of draw-down area, based on studies in France, Belgium, and 
Switzerland. All depend on a ‘‘coefficient of filtration,’’ some values of which 
are given.—R. DeL. French. 


Determination and Occurrence of Fluorides in Sea Water. THomas QG, 
THompson and Howarp JEAN Taytor. Ind. Eng. Chem., Anal. Ed., 5: 87, 
1933. Method given utilizes zirconium lake of sodium alizarin sulfonate as 
indicator. Samples of 100 cc. are used. Sulfate and chloride affect results 
and must be compensated for. In case of sea water, interference by ferric iron 
is negligible. Accuracy of 0.05 mg. per liter of fluoride is claimed.— Edw. 8, 
Hopkins (Courtesy Chem. Abst.). 


Microdetermination of Calcium in Sea Water. Pau. L. Kirk and Enix G, 
Mosera. Ind. Eng. Chem., Anal. Ed., 5: 95, 1933. Following double pre- 
cipitation with ammonium oxalate, using 25-cc. samples and special apparatus 
suggested in previous paper final titration is made with potassium preman- 
ganate.— Edw. S. Hopkins (Courtesy Chem. Abst.). 


Removal of Positive Ions by Electro-osmose Apparatus. Epwarp Barrow | 
and Mito A. Fry. Ind. Eng. Chem., 25: 336, 1933. Operating at rates of 
20 and 25 liters per hour, sodium, calcium, and magnesium are removed. 
Removal of sodium is greater than that of either calcium or magnesium. 
Water in ninth cell is practically equivalent to distilled water.— Edw. S. Hop- 
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